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SKELETAL CHANGES IN MALUM PERFORANS 

PEDIS 


JACOB KULOWSKI, MD 

ST JOSEPH, MO 
AVD 

ROBERT PERLMAN, MD 

BROORLT N 

The fact that osteomyelitis or a similai change in the bones is a 
factor of great importance as the underlying local pathologic process 
111 perfoiating ulcer of the foot is msufficientl}^ appreciated This study 
IS based on obsei rations on 33 cases of inaluin perforans pedis Per- 
forating ulcer of the foot was first described b)’’ Vesigne in 1852, and 
the condition was designated b)' Leplat in 1855 Tbe undei lying changes 
in the bones are significant in explaining some of the basic factors of 
the condition The skeletal changes in this condition weie noted and 
described by Savoiy and Buthn as early as 1879 in a paper which 
lemains a classic Bony sequestration formed a prominent feature of 
the clinical pictuie m then 5 cases They stated that perforating ulcer 
might well begin m the depths of the foot or that the initial processes 
might begin almost simultaneously throughout the whole depth of the 
sole fiom the skin to the bone This lemarkable obserration still forms 
the basis of any discussion of tbe pathogenesis of the disease today 
Scaghetti m 1931 concluded that such pathologic change in the bones is 
secondary to the ulceration of the skin but is also in part independent of 
this, as is shoM n by tbe early primary trophic changes m the bone even 
n len the cutaneous ai eas are not involved He also expressed the opinion 
tliat the rascular changes are secondary to the cutaneous infection and 
aie not pinnaiy, as the French believe Finally, the changes m the 
lones must be considered coordinate with the cutaneous changes as 
there is no proof that the skeletal changes are tbe cause of malum 
pei forans pedis 

A biief histoiical review reiealed that all the knonn major etiologic 

"i " T""’ predisposition familial tendency, trauma 

nr e ial disease, disease and influences of the peripheral nerves and the 

constitutional diseases, such as 
8 f ^^t.een tbe years 

si.Jn neuiopathologic theorv has 

__JJ^ncd ground since then although there is still some difference 
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of opinion as to the exact natuie of the lesions This theory is also 
supported by the fact that in even the mild Aarieties of leprosy, which 
has a remarkable afifinity for the peripheral nerves, there are marked 
changes m the bones, and m many instances the nervous lesions pre- 
dominate, although many of the changes are unquestionably due to 
bacterial invasion 

Defective innervation may favor the occurrence of ulceration m two 
ways fiist, by leading to a break m the continuity of the surface, thus 
permitting the introduction of micro-oigamsms, and, second, by depress- 
ing nutritional activity and subsequently diminishing reactive resistance 
to the bacteiial invasion The skin and subcutaneous tissues are richly 
supplied with sensoiy nerves Disordeied nerve function may lead to 
piofound changes m the tissues, foi example, acute bed sores m a case 
of transverse myelitis within a few hours of the onset Occasionally a 
lesion may appear or occur as a puie plantai lesion apart from any such 
influence as an incidence of trauma suppurating wart or corn or 
even chronic epithelioma All the etiologic factors may emerge as of 
primary or secondaiy significance in the pathogenesis There is appar- 
ently a familial tendency, for the condition begins m many cases in early 
adolescence, as was indicated in oin series by a study of the incidence 
according to age m decades There were 2 cases m the first decade 
4 m the second, 3 in the thud, 6 m the fourth 8 m the fifth, 5 in the 
sixth, 4 in the seventh and 1 in the eighth 

It was evident from a study of our gioup that more than one factor 
was responsible for the disease, especially m case of such a basic disease 
as tabes dorsalis This was illustrated in a man aged 45 whose foot was 
crushed sixteen years previously Six years later theie developed a 
typical ulcer Subsequent periodic examinations revealed tabes dorsalis 

In this series the following etiologic factors were noted diabetes in 
6 cases, obesity in 1, vascular changes in 8, tiauma in 4, encephalitis 
in 1, tabes dorsalis in 2, a familial tendency in 1, spina bifida occulta in 5, 
spina bifida manifesta in 1, traumatic myelitis in 1, a roentgen ray burn 
in 1 and frost-bite m 6 It is apparent that essentially there must be 
several basic factors, such as constitutional predisposition, trauma, con- 
stitutional diseases and vascular and nervous influences Two mam 
divisions would be sufficient for all clinical purposes the idiopathic and 
the symptomatic The term malum perforans pedis must therefore be 
interpreted as a generic term m order to cleai up the present clinical 
confusion 

The variable known and unknown factors m the disease are readily 
appreciated from a brief consideration of the pathogenesis m some of 
the cases under consideration In the 6 cases m which there was a his- 
tory of freezing, ulcers formed on each foot five years later Unilateral 
ulceration appeared fifty years after freezing m another case In 1 
other case of the same duration ulceration of both feet resulted Of 
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57 cases of spina bifida manifesta entered in the records of the hospital 
we know of only 3 in which plantar ulceration resulted Of course most 
of the patients were probably too young and had not yet subjected their 
feet to sufficient functional traumatization Of 136 cases of spina bifida 
occulta with sjmiptoms of sciatica, residual ulceiation developed in only 
1 and that only after the development of postdiphthentic paralysis It 
IS generally conceded that weight-bearing and piessure effects are 
extremely important, as borne out by the fact that in some of the cases 
the ulcer healed while the patient was receiving treatment, which con- 
sisted chiefly of rest in bed, and as promptly leappeared after the begin- 
ning of weight-beai ing 

This was strikingly exemplified in a man aged 59 years, who walked 
on the outer border of the foot following malunion of a compound frac- 
ture of the leg, with the foimation of an ulcer on the outer boidei of the 
foot one year latei A study of the relative sites of ulcers also empha- 
sized the significance of pressuie effects 

The area of the joint of the big toe was involved in 14 cases, the 
legion of the joint of the fifth toe m 12, the heel in 6, the lateral border 
of the foot in 3, the rest of the anterioi portion of the arch m 10 and 
the dorsum of the foot m the 2 cases in which clawing was noted In 
7 cases lesions weie present on both feet, in 3 there was more than one 
ulcer on the same foot It is of inteiest to note the following associated 
anatomic abnormalities hammei toe m 1 case, clubfoot in 4, clawfoot 
in 2, bunion in 1, spina bifida occulta in 5 and spina bifida manifesta m 1 

The condition predominates in men, chiefly because of occupations 
vhich necessitate added stiain and traumatic hazaids and probablj^ 
because men aie moie liable to nervous and vascular disease, which 
seem to be impoitant in the etiology of perforating ulcer Of the 33 
patients, 24 ueie males The average age uas 43 years, and the ages 
ranged from 13 to 77 yeais The average age for the females was 34 
yeais, and the ages ranged from 4 to 61 j'eais 

Some authors have claimed that pain is contrary to the diagnosis of 
perfoiating ulcei In this series there were 11 cases m which there was 
a definite history of pain (perhaps due to associated vascular distur- 
bances), and in 10 the histoiy uas questionable Of these there was 
model ate intermittent discomfort m 5 Of this group theie were 2 
cases of the idiopathic t) pe and in the rest the condition was symptomatic 
In the latter group there were 2 cases of diabetes 2 of spina bifida 2 
uith a history of freezing 1 of tabes and 1 in which there was definite 
clinical cMdcnce of Aascular disturbance of the extremities Pain as a 
SMuptoni lna^ therefore be piesent in degree and is dependent on tbe 
undeil}mg general etiology and the extensneness of the local pathologic 
chuigcs There is gencralh a localized area of anesthesia immediateh 
surrounding the ulcer There is usualh ^er\ little tenderness on pres- 
sure, although walking inaA cause symptoms The foot sooner or later 
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becomes the seat of other symptoms pointing towaid impairment of 
the nerves or vessels such as increased growth of hair, hyperhidrosis 
(even biomidrosis), pigmentation and alteration of the nails 

Adiian described the development of the ulcer as follows 

1 A callus forms at one of the charactei istic sites of predilection, 
with thinning of the epideimis and the foimation of a blister The con- 
tents are ordinarily seious but may be bloody after trauma After this 
peiforates or luptures there is the usual formation of the ulcer 

2 The ulcei is obduiate and does not heal or may illustrate the 
characteristic tendency to pei iodic lecurrent healing and reformation 

3 A lesidual deep ulcer forms, associated with tenderness and 
involvements of the buisae, bones and joints Suppuration is nou the 
lule, and the infection may buriow deeply and affect the tarsus even 
befoie it reaches the suiface, because of the calloused soft structures 
After paitial destruction and elimination of bone occur, there follows 
shortening of the entire foot, as may occur strikingly in leprosy 
Erysipelas, Ijmiphangitis, abscess oi cellulitis is fiequently observed 

Scaghetti summarized the histologic changes as follows 

1 In the skin there are an increase in the size of the sweat glands 
and hyperkeratosis The base of the ulcei may have granulations, or the 
floor IS covered or formed by dense connective tissue 

2 Changes m the bone occur chiefly in the metatarsophalangeal 
joints Even when the joints are not involved by the cutaneous ulcera- 
tion, the cartilage of the joints shows superficial necrosis There are 
pannus-hke formations and lesorption of cartilage from the superficial 
and subchondial zone If the joint is invaded, fibrous ankylosis or 
dorsal dislocation of the first phalanx is a mmoi consequence The ends 
of the joint and pait of the diaphysis may be destroj^ed The ends of 
the diaphysis show concentric atrophy and pointed ends In the meta- 
tarsal bones osteomyelitic changes usuall)’^ follow infection of the joint, 
and all the following changes may be observed necrosis of the sup- 
purated portion of the bone, maximal poiosis of the intact parts, forma- 
tion of a subperiosteal abscess, periosteal osteophytes, sequestrums with 
granulation tissue and formation of a scar and, finally, healing after 
elimination of the sequestrums The abscess cavity of tbe bone fills 
with new spongy bone, with inclusion of old dead bone in the new 
spongy trabeculae 

Scaghetti’s studies also demonstrated the following histologic 
skeletal changes m three stages 

1 Between the lacunar remaining parts of the old bone, new fibrous 
formations of bone, with islands of cartilage, appear m fibrous bone 
marrow 

2 Tiny new bone trabeculae become denser and more numerous and 
finally more and more mature until thej'^ are lamellar 
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3 Bone becomes transformed and substituted by purely lamellar 
bone, m which tiabeculae of small parts of the primitive bone and car- 
tilage may be included as remnants of the first and second periods The 
vessels show marked thickening of the mtima, with nai rowing of the 
lumen or thrombosis in different stages of organization 

The lesults of our studies beai out these observations and also 
emphasize the extensive collateial changes and tremendous regeneiative 
efforts of the elements of the bones and joints, m spite of the intensive 
destruction present and the apparent hopelessness of the disease clini- 
cally Our therapeutic expeiience and that reported in the literature 
was most discouraging so far as clearing up the local condition was 
concerned Prior to their admission to the hospital S patients undern ent 
some type of surgical procedure drainage and sequestrectomy were per- 
foimed m 2 instances, excision of the ulcer in 1 and amputation in 9 
(7 of toes, and 2 of a foot) In the clinic, drainage was done in 12 
cases, excision of the ulcer in 2, sequestrectomy in 3 and amputation m 
12 (m 8 of toes and in 3 of a foot in toto, with amputation thiough 
the transmetatarsal joint m 1) Of this entiie group healing occuired 
m only 2, and in 4 there was improvement 

It has been fiimly established that an indirect method of attack 
directed towaid improvement of the ciiculation must be utilized Sur- 
gical procedures weie developed and centered about the sympathetic 
iieuous system following the obseivation of Claude Bernaid m 1851 
These piocedures ranged from direct attack on the chains and ganglions 
of-^the cential sympathetic system to the penaitenal decortication of 
Lei idle McChntic in 1929 recommended periarticular injection of 
alcohol instead, because the effect is immediate and less foimidable 
It IS known today that effects obtained from a surgical procedure on 
the sympathetic ncivous system are not permanent All cases m rvhich 
this type of treatment is to be used must be carefully selected after a 
thoioiigh nnestigation as to the presence of vasospasm and vascular 
1 espouse following paralysis of the rasomotor fibers Such derma- 
theimic studies were made m several of our cases with little or no 
1 espouse, as attested by a definite use in the surface temperature 

Because in so many cases of the disease there are primary or sec- 
oiidarj lasculai changes, it wmuld appeal that the paraex method of 
lasciilai exeicise is indicated cither as a prophylactic oi as a primary 
or adjinant therapeutic measuie The amount ot local surgical treat- 
ment IS determined bj the amount and degree of change in the soft 
tissue and bone changes m the bone being also largely secondan to 
i^’chcmia \lthough we ha\e not had an opportumU to emplo\ the 
pniacx method we strongh recommend its trial and make this sugges- 
tion m the hope that others will gl^e it their fa\orable attention It 
diould do much to minimize the necessih for amputation 
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REPORT or CASES 

Because detailed histologic studies on amputated limbs affected by 
malum perforans pedis have not appeared m the English literature, the 
following analysis and study of a case is given 

Case 1 (figs 1 and 2 ) — Htsioty and Com ^c— Ruth H, aged 8 jears, was 
admitted to the hospital on August 1923 A varus deformity of the right foot 
had been noted since the age of 2 or 3 months, and progressive curvature of 



Fig 1 (Ruth H , case 1) — Photographs and roentgenograms of the condition 
diagnosed as chronic osteomyelitis with complete transformation of the bony struc- 
tures, showing extensive destruction and characteristic osseous absorption 


the spine had been present since the age of 2 or 3 3 'ears The patient walked at 
14 months Examination revealed some trophic changes the right foot shorter 
than the left by Yi inch (1 9 cm ), slight varus, slight malformation of the 
nails and slight cvanosis The flexor muscles of the toes and the peroneus 
muscles were weak, presumably a congenital weakness due to spinal malformation 
The right knee jerk was sluggish 

An operation for spinal fusion was performed m 1926, followed by an unevent- 
ful recoverv Ulceration on the ball of the big toe appeared in 1928 It was 
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cleaned surgically and closed, but the wound never healed The pathologic 
report stated that the diagnosis was chronic bursitis 

In 1933 there were three ulcers on the anterior part of the arch, with slight 
purulent drainage In July drainage by the Orr method uas instituted, and 
sequestrectomy of the first and fifth metatarsal bones was performed There was 
considerable drainage one month later In September a large area of devitalized 
skin appeared at the base of the big toe (fig 1) On September 15 the remainder 
of the fifth metatarsal bone was removed, and the wound was cleaned The wound 
was closed tight, the cast was applied, and the wound healed In October the 
wound had remained healed 

Laboratory examination gave negative results, and the dermathermic reading 
was unsatisfactory Roentgenograms showed extensive destruction and charac- 



Tig 2 (Ruth H , case 1) — Photomicrograph of one section of the fifth meta- 
tarsal bone, showing radical patliologic changes 


tensile osseous absorption, chieflj' in the metatarsophalangeal joints The other 
bones were also cxtensnelj iinohed, and sequestration was present 

In 193-1 amputation through the lower third of the leg i\as performed owing 
to the recurrence of ulceration and drainage The stump healed 

Piaiimintion of Mctatatsal Bone — The bone was lerv deformed It was 
marked! j thickened and somewhat shortened The distal end iias coiered with 
joint cartilage nhich was thinned out and showed erosion in some places The 
surface of the bone was irregular The bone was cut longitudinalh , and it was 
ound to consist of rather dense spongj bone of normal hardness and of In peremic 
nrous bone marrow There were no signs of suppuration or of necrosis 

1 wo slides were prepared for histologic examination Both sections showed 
e stntia \ the same picture (fig 2) There was a rather dense sponga bone with 





8 


ARCHIVES OF SURGERY 


very irregular structure The bonv trabecuhc sho\sed mam blue cement lines, 
most of them typical lines of apposition, as signs of periodic apixisition of bone 
Some of the bony trabeculae were united by a rather joung bone tissue of callous 
character, and the irregularity of the structure of the single boii> trabeculae 
combined with callus formation between the bony trabeculae brought about the 
rather complex and irregular structure of the entire spongy bone The bone 
marrow was fibrous, with many large capillary vessels A considerable amount 
of chronic fibers of the fibrous bone marrow were separated from each other by 
edema and m other places by hyaline degeneration and b\ deposition of osteoid 
tissue The cartilage of the joint was markedis thinned out In resorption from 
the cavity of the joint, with loss of the normal number of basophils but no 
necrosis of the cartilaginous cells The peripheral portions of the cartilage showed 
complete resorption by a pannus-like formation from the sanovial lajers There 
was not, however a pannus-like formation of connective tissue on the surface of 
the cartilage itself The synovia showed marked infiltration bv hmphocytes 
and to a great extent by plasma cells In one area close to the proximal end of 
the bone the marrow spaces W'cre open, and the surface of the bone was coaerCd 
with nonspecific granulation tissue This granulation tissue blended with its 
deeper layers continuously into the fibrous bone marrow The diagnosis was 
chronic osteomvelitis of the fifth metatarsal bone with complete transformation 
of the bony structure 

Exavxination of Ainpittated Leg — Dr Ernst Freund made the following anal- 
ysis The leg was amputated through the middle third, and formaldeh}de at as 
immediatelv injected into it The foot was markedlj deformed, especially by being 
shortened m the anterior half and by the dorsally subluxated contracted toes The 
big toe overlapped the second owing to an extreme hallux aalgus The toe-nails 
shoaved signs of onvchogryposis, avith almost complete atrophv of the fourth and 
fifth toes The skin on the dorsum of the foot exhibited ha perpigmentation 
There avas no thenar or hypothenar eminence on the plantar aspect, and the ante- 
rior portion avas bulbous, densely calloused and scarred, but there a\as no eaidence 
of ulceration The joints and bones of the foot avere inspected and prepared for 
histologic studies 

There avere no gross changes in the tibio-astragalar joint Hoaveaer, marked 
degenerative arthritic changes avere noted in Cbopart’s joint betaveen the head of 
the astragalus and the scaphoid bone The capsule avas thickened and villous 
The cartilage avas degenerated unea^enly and exhibited some marginal proliferative 
activity The medial denuded area of the joint showed healing bj a lajer of 
fibrous tissue and cartilage The anterior portion of the subastragaloid joint avas 
similarly involved, avhile the posterior portion avas unaffected, avhich leads one to 
conclude that no true communication exists betaveen these portions and that this 
joint has no anatomic continuity The anterior surface of the joint of the scaphoid 
bone did not shoav such marked changes as the posterior surface, but there aa^as 
considerable atrophj^ of the cartilage, avith peripheral retraction The first meta- 
tarsal bone avas destroyed in its anterior half, as avas the adjoining portion of the 
first phalanx The intervening joint was obliterated bj a scar, avhich also filled 
a funnel-like depression fracture m this region The second and third metatarsal 
bones shoaved destruction and avere completely out of line avith their respectia^e 
phalanges Dense scar tissue proceeded into these areas from the callus on the 
plantar surface The fourth metatarsal bone, avhich exhibited m the roentgeno- 
gram (postamputation) typical pseudo-arthrosis, revealed a avell outlined cavity 
of the joint avhich avas situated in the midportion of the bone As the roentgeno- 
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gram showed ver3 little of the fifth toe, this portion of the foot was prepared in 
toto for further microscopic evamination Portions of the entire foot were sec- 
tioned and stained 

Astragaloscaphoid Joint The cartilage of the joint showed marked degenera- 
tne changes Old In aline cartilage was present, but in no place was there an 
cntirelj normal appearance The surface w as i erj irregular , the superficial laA er wnth 
a horizontal direction of the cells had disappeared, and the ground substance was 
fibnllated The superficial cell groups showed signs of proliferation Large cell 
capsules formed and became graduallj sequestrated into the caiitj of the joint 
In other places, where the fibrillation of the surface of the joint was not so 
marked, the superficial lajers of the cartilage showed partial disappearance of tlie 
hjahne ground substance, resembling fibrous more than In aline cartilage These 
changes extended far down into the pressure zone of the cartilage of the joint and 
were accompanied sometimes bi the formation of fissures in a radial direction, 
with fibrinoid impregnation of the walls of the fissures At the margins of the 
joints, especiallj' at one side, typical exostoses had formed The SMioMal tissue 
co\ered the thin cortex at the joint along a slight!} lacunar line which frequenth 
showed osteoclastic resorption The zone of calcified cartilaginous tissue was at 
the central area of the surface of the joint and fairh well preserced Toward 
the margins, howcier, the old zone of calcification had disappeared almost entirel\ 
These superficial marrow spaces contained a Inperemic, looselj fibrous bone mar- 
row In many places osteoclasts could be seen busy with resorption of the bone 
and calcified cartilaginous tissue The subchondral bone was shghth porotic and 
showed besides porosis, a pathologic structure One was still able to outline casih 
the old thinned-out bonj trabeculae running m a static wa>, chiefl} radially, to the 
surface of the joint Corresponding to the apex of the surface was a slightlv 
osteosclerotic bony change, in the sense that between the old bonv trabeculae 
irregular bone bridges of new’lv formed bony tissue appeared This new bone was 
chieflv fibrous It w as also formed along the surface of the old bona trabeculae so 
that sometimes marrow spaces between bona trabeculae could be almost entirela 
filled out ba neaa bone tissue This picture resembled that of metastasis of osteo- 
plastic carcinoma It aaas of great interest, hoaaeaer, that the astragalus, aahich 
until noaa shoaaed purela degeneratiac and not inflammatora changes of the car- 
tihginoiis and bona tissue, alreadj shoaaed this peculiar tape of osteoporosis 
associated aaith a strong osteosclerotic factor 

Anterior Subastragaloid Joint The changes in the subastragaloid joint aaere 
cssentiaila the same as those described for the head of the astragalus, though 
inaabc a little more marked Exostoses had dea eloped at the margin of the joint 
but as act did not surpass the lead of the old surface The subchondral bone tissue 
was porotic, but the osteoporosis aaas ccrtaiiila on the aaaa to repair klost of the 
Iioiia traliLCulic were of complex structure The central portion was represented 
ba the old jxirotie bona trabeculae at the surface of aaliich neaa bone had become 
ipposed either in a straight line or more irregularla sometimes forming bridges 
trom one trabeculae to another How these bridges form could be seen in one 
spot closer to the surface of the joint Here were a fcaa porotic old bona trabeculae 
embedded in loose fibrous bone marrow \\ ithm the fibrous tissue and at the siir- 
laee of the old liona trabeculae neaa sponga bone had formed irregularla, fibrous 
and in great part still osteoid This formation ol bone occurred primanla without 
the partuipition of osteohlast® It was an infiltration process between the fibers 
Ol the fibrous Ixuie marrow One could follow all the stages of fibrous bone tissue 
irom the first smss^ oi infiltration with an edeni nous fluid to the more solid 
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stage of osteoid tissue, uithout sharp outline, and to the formation of bony 
trabeculae, with beginning calcification and surrounded by a dense layer of osteo- 
blasts All the changes could be considered as purely degenerative There were 
no signs of inflammatory reaction The invasion of the deeper cartilaginous 
layers from below in some places reached a pronounced degree Marrow spaces 
had invaded the lower one half of the thickness of old cartilaginous tissue and 
had brought about a very irregular structure, with a mixture of old calcified and 
noncalcified cartilaginous, fibrous and fatty bone marrow, with osteoclasts and new 
bony trabeculae in the new marrow spaces These pictures showed how the 
epiphysis gradually became enlarged by the recuperation of endochondral ossifica- 
tion at the cast of the old hyaline cartilaginous layer of the joint 

The changes at the posterior concave and anterior convex surfaces ol the 
scaphoid bone were still tvpical of degenerative hvpertrophic arthritis The whole 
scaphoid bone showed more pronounced osteoporosis than that which could be 
observed m the astragalus and calcaneum The subchondral bone tissue, however, 
showed the same kind of osteosclerosis, and all the stages from osteoid fibrous 
tissue to an almost complete obliteration of the marrow spaces by new bone tissue 
could be seen 

The skin of the big toe on the plantar side showed hyperkeratosis, which in 
some places was so marked that it could not be cut But there were no defects 
in the skin caused by the formation of ulcer It was surprising to note the 
great amount of sweat glands which with their h>perplastic convolutions of 
tubules occupied the subcutaneous fat tissue 

As far as the skeleton of the big toe was concerned, in no place could normal 
structures be found The least amount of change was seen m the end phalanx 
This showed considerable atrophy involving both the cortical and the spongy bone 
Lacunar resorption was still going on at the outside of the cortex The bony 
trabeculae of the spongy bone, although porotic, showed an abnormal amount of 
cement lines, which showed that the bone tissue had undergone, previous to the 
actual osteoporosis, changes with thickening by the apposition of bone The bone 
marrow was almost pure fatty marrow, without any inflammatory signs The 
joint between the proximal and the distal phalanx showed typical fibrous ankylosis, 
with slight subluxation of the distal phalanx Old hyaline cartilage was present 
only as a very thin layer without any basophilic activity in the ground substance 
The more superficial layers had disappeared by the process of incomplete carti- 
laginous resorption described by Weichselbaum and Pommer The fibrous pannus- 
like formation on the surface was creeping over the cartilage of the joint The 
cell groups, some of vvhich were enlarged, formed the so-called lacunae Under 
gradual disappeai ance of the ground substance between the cells, groups of the 
latter merged and became included in the fibrous tissue filling the joint space 
The loss of hj aline cartilage of the joint was so marked m some places that the 
subchondral bony lamellae were denuded and at times even showed defects It 
was interesting to observe that these defects sometimes again become 
repaired by a filling of a tissue vvhich was at a stage between fibrous bone and 
calcified fibrous bone and calcified fibrous cartilage So there were leparatorj 
processes going on beside destructive changes Altogether the pathologic picture 
was more quiescent The proximal fragment of the big toe showed changes 
similar to those of the distal fragment as far as the bony structure was con- 
cerned It was clearly shown that the present cortex derived its formation from 
a periosteal osteophvte of which the vertical arrangement of vessels was char- 
acteristic 



11 


kljLOWSU-PLRLMlK—MlLbM PIIRPOR L\S PEDIS 

Wlicrcas the distal end \\as more or less well preserved in its outline, the 
proximal end, which was supposed to artieiihlc with the metatarsal hone, was 
destroved to such a degree that there was nothing which would even suggest 
that once a joint was present The hone ended ratliei abruptlv with the diaphvsis, 
with lacunar resorption at the ovitside of the cortex The marrow' cavitv was 
open, and tow ird the proximal end the bone marrow showed more and moie 
fibrosis, with hvpcreniia and some chronic hmphocvtic infiltration, and blended 
gradualh into an extensive area of scar tissue occupvmg the pi ice where previ- 
ouslv the metatarsophalangeal joint was present 1 here vv is almost nothing left 
of the metatarsal bone An irregular piece of bone was included in the sc.irred 
soft tissue The end of the joint could not be made out The surface was still 
111 an active phase of osteoclastic resorption The bone was made up chieflv of 
lamellar bone tissue, quite sclerotic, and contained in irrovv spaces filled with 
fibrous bone marrow The process appeared to he an attempt at legcneration of 
bone without gaining the real shape of a nietntarsil bone 

Second Toe The cutaneous clniiges did not reveal am new features Here 
again the number of sweat gl inds was surprismu The callus on the plantar side 
corresponding to the metatarsophalangeal joint was so extreme that the speeimeii 
had to be trimined for purposes of cutting The hvpcrkeratosis was marked 
On gross inspection all the constituents <if the toe were present The metatar'-al 
bone and first phalanx were considerabh niisslnpen, but the second and third 
phalanges were markedlv osteoporotic Ihc interphalangcal joint between the 
second and the third phalanx showed the cartilage to be well preserved The 
changes caused bv disuse of the joint in the first mterplnlangc il joint were 
more marked The first and second phalanges formed vvitii their long axis an 
angle of about 90 degrees, with slight plantar suhluxatiou of the second phalanx 
on the first Owing to tins displacement the dorsal capsular structures were 
kept tight and exerted some pressure on the convex surface of tlic joint at the 
distal end of the first phalanx This pressure comhiucd with a lack of plav m 
the joint brought about a pronounced tlimmng out of the cartilage of the joint 
m this special area At the margin of the joint almost the entire noncalcificd 
cartilage had disappeared A cellular laver of fibrous tissue had formed, which 
included some polj niorphonuclear cells (chondroelasts), busv with the resorption 
of the cartilage of the joint The pressure, however, also had innucnce on the 
bony portion of the epiphvsis m that area, where the mtra-articular part was 
covered onlj bj the periosteum and the sjnovial tissue Here was marked osteo- 
clastic resorption on the articular surface, with apposition of bone at the endosteal 
surface This process of combined resorption and apposition led to a gradual 
deformity of the epiphysis, with flattening of that portion of the convex end of 
the joint which was out of contact with its antagonist and under pressure from 
the side of the tightened capsule 

Compared with the pronounced osteoporosis of the distal portion of the toe, 
the proximal part of the first phalanx and the entire metatarsal bone were m 
striking contrast, as they showed marked osteosclerosis This osteosclerosis rep- 
resented a healing stage in an inflammatorj osteomjehtic process involving the 
proximal end of the first phalanx and the metatarsal bone At the advanced 
stage of the process it is of course difficult to determine where the infiamniation 
took Its origin It seemed, how ev er , that the origin w as in the metatarsophalangeal 
joint, and from there the adjacent bony portions were graduallj involved 

The metatarsophalangeal joint was completelv dcstrov ed in its normal outlines 
and tissues All that was present was an extensive area of scar tissue which 
extended from between the phalanx and the head of the metatarsus down to the 
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plantar surface of the toe It was clear that this extension of scar tissue was a 
result of the healing of a sinus tract running down to an ulcer of the toe But 
the scar tissue uas bv no means uniform or homogeneous On the contrarj, 
between the metatarsus and the phalanx, an irregular cleft with side branches 
was noted The \\alls of the cleft formed bv dense fibrous tissue tended to the 
formation of -mIIi and even formed some sjmovial endothelium This irregular 
cleft could be interpreted as a joint space formed secondarilv in scar tissue, which 
fitted the place of the metatarsophalangeal joint after its destruction It \\as a 
form of nearthrosis illustrating nature’s attempt to maintain a joint in the meta- 
tarsophalangeal region That this metatarsophalangeal joint was destrojed bj a 
process quite different from that which led to the changes in the interphalangeal 
joints as described previouslj can be seen from the following obsercations 

1 The ends of the joint of the first phalanx and the metatarsal bone w'ere 
entirelj invohed m a pathologic process No normal hj aline cartilage was left 
The cartilage coaered the bone tissue irregularlv and e\en extended continuouslj 
into the marrow' spaces This alone showed that there must ha\e been a pro- 
nounced destructne process w’hich led to the destruction of the ends of the joint 
There w'as haphazard and incomplete regeneration of bone tissue At the site 
of the metatarsus the regeneration was haperplastic and abundant, w'hereas at 
the proximal end of the first phalanx it was deficient, leading to a diminution 
of the proximal end The bone tissue found on each side was represented bi 
spongy bone without static structure It formed w’lthin fibrous bone marrow 
which was still hjperemic and showed here and there infiltration by chronic 
inflammatory cells The bonj trabeculae were in the stage of apposition Thick 
layers of osteoblasts and osteoid bone could be seen almost e\er\ where, osteo- 
clastic resorption inside the bones was relati\el\ scarce, it was marked, howeier, 
at the surface of the periosteum Toward the scar tissue occupying the place of 
the metatarsophalangeal joint the bone tissue dissolved gradualh the more isolated 
bon^ trabeculae There were no continuous boin lamellae to separate the marrow- 
spaces from the scar tissue 

2 The surrounding tissues, including scar tissue, frequenth showed chronic 
inflammator\ changes, with more diffuse or more circumscribed infiltration bj 
hmphoc\tes and plasma cells 

3 There was one focus close to the metatarsal bone and, w'here included in scar 
tissue and surrounded by a form of fibrous tissue capsule, a small sequestrum 
could be seen lying in w-ell preserced purulent exudate This made us sure that 
this w-as the site of a formerly Mrulent suppuratue process which at the time 
of obsercation appeared extinct But to judge from this small focus of acute 
infection it would not hare needed much stimulation for a flare-up 

As far as the bom structure of the metatarsal bone and the first phalanx was 
concerned, the trpical picture of inflammatorj osteosclerosis was present, as w-as 
well described bj Scaghetti 

Third Toe The cutaneous changes of the third toe were essentially the 
same as those of the other two toes The first interphalangeal joint show-ed 
fibrous ankjlosis, shrinkage of the capsule of the joint w'lth obliteration of the 
peripheral portion of the caritj- of the joint and thinning of the cartilage of the 
joint W'lth subluxation bj a pannus-like formation of fibrous tissue 

The metatarsophalangeal joint w-as gone, leawng no trace Dense scar tissue 
occupied Its former site, running down to the plantar surface of the skin, with 
hi perkeratosis The scar tissue was rich in vessels and showed chronic cellular 
infiltration In some areas it showed even older granulation tissue, with dense 
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lufiltratiou In hmphocNlc; ami pliMUi tclK \ few cells wctc jncluclcd 

in the scar tissue witii well presereed transeerse stiialioii 1 iiese clnuRCs showed 
that a short time prceiousK in this aita a nioie aetne suppiiialne process li.id 
been present which had tpneted down 

ProMiiial to this arev w is in extensile niassne foimatiun of carlilnitinous 
and boin tissue, which resembled m mam respects the picture of eisteoehondroniia 
or nnositic ossifie ilions In this instance it prohabU represented exteiisiee callus 
formation or, bcttei, an attempt at reeeiieratioii of the inetalars il bone, which had 
been almost ciitirch dcstroeed There w is In aline cartilatjc of a more einbnonal 
t\pc, in wlneli the cells tow ird the penphen we'C more ind more swollen 
(sphenc.al), and the Kroiind snhstaiiee hce.itnc calcified 1 hen from the surrouiid- 
mg fibrous tissue osteoclasts aixorlied calcified cartilage and apposition ot iione 
tissue took place at the surface of the calcified cartilage 11ms, sponge hone 
loimed, winch cr.aihialle bet inie trmsfornud into hone tissue of a more mature 
appearance Calcific Uion ol cartilage and forinitinn of hone tissue were so exten- 
sne that m the rocutgeiiogr mi i dirk sbadene w is e ist 

The distal, small part oi the nutitirsal lione w is jireseiu as a hone portion 
but no normal bom sinutnre w is '•eeii hilnons bone m.irrow was densele infil- 
trated be ebrome iiiflamm itore cells 1 lie bom ti ibeculae were ot irregul ir 
structure, showing mam bine cement lines, winch iretiiientle ran parallel to each 
other and to the sgri ice oi the tribeiulie 1 be structure ot the bom trabeculae 
became more complex the more one .ipproaclied the area ot the iiom and carti- 
iagmous callus inmiation T iie marrow spaces showed dense infiltratinn, and 
among the infiltrated cells jKihinorpliomiclears were In no means rare I lie bom 
trabeculae were coniiectcd with each other In newli formed fibrous bone tissue, 
winch was laid down m sneb an amount tint the old Imm traheciilae were coeered 
from all sides with new bone tissue and the manow spaces were ilmost enlircK 
occluded The old bom trabeculae were ah\e 11ns picture again resembled 
that of metastasis oi osteoplastic carcinoma ,and m tins instance it was due to 
sclerosing osteoimelitis file osteostkrotic bone tissue surroimdcd an area inter- 
posed between the callus formation and the rest of the metatarsal bone In tins 
area main foci of pusbke exudate were nndcrgomg the process of orgninyation 
Thee became surrounded in loose fibrous tissue In sonic jilaccs within the 
exudate small necrotic bom fragments were seen, seqiiestriims wlncli cillicr floated 
frequentle in pus or became rcsorlied In i>ol\morpbomiclear Icukocetcs Here 
again the picture was that of a subacute or eeen a chronic mflammatore lesion 
Heretofore acute inflanmiatore signs bad been minimal 

The proximal surface of the joint of the metatarsal bone was rclatieeh well 
presere ed The liealmc cartilage of the joint eeas thinned out and became gradii- 
allj resorbed from the margins, but there eecre no signs of necrosis and there 
was no more marked erosion of the cartilage 

Fourth Toe The changes eeerc esscntnlle the same as those noted in the 
third toe, except that there was a disklikc fibrous tab extending into the joint as 
an interposition from the sliruiikcii capsule at the distal interplialangeal joint 
The metatarsophalangeal joint was gone, and the area was supplanted bv dense 
scar tissue There was a fracture of the shaft of the metatarsal bone, with no 
signs of healing 

Fifth Toe The most marked changes w'cre seen in the metatarsal bone, in 
the joint and m the proximal end of the proximal phalanx The shaft was almost 
entirelj gone, and the degeneratue changes predominated, w-itli no signs of acute 
inflammation 
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Brief reports of five other cases are included 

Case 2 (fig 3) — Edith S, 4 -sears of age, was admitted to the hospital in 
May 1922 with a diagnosis of spina bifida, congenital calcaneos algus, perforating 
ulcer and osteom-s elitis of the os calcis 

The child was under observation over a period of eight years Her case illus- 
trates the effects of pressure due to the deformitj of the calcaneum on the basis 
of a mj'elodvsplasia of the spinal cord, as esidenced bv the complete cleft between 
the sacrum and the first lumbar sertebra Ulceration followed blistering and 



Fig 3 (Edith S , case 2) — Roentgenograms showing the effects of pressure 
caused by deformity of the calcaneum, attributed to myelodysplasia of the spinal 
cord 

persisted intermittentlj o^er the entire period of obseriation In 1924 the os 
calcis was operated on bj the split heel approach according to the Orr method 
The vound healed, although necrotic bone was encountered at operation Sensa- 
tion ^\as alwa-\s intact Ulceration recurred later 

Examination of one section revealed chronic osteom-\ ehtis with inflammatorj 
osteosclerosis, with a tendencj toward healing The section of skin was remark- 
able for the formation of an epithelial c^st undoubtedh' of traumatic origin 
Owing to the ulceration of the skin, displacement of epithelium into the deeper 
portion of the subcutaneous tissue accounted for the formation of a cjst 
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Case 3 (fig 4) -Albert P, aged 53, was adtniUed to the hospital in October 
1933 He Ind" bruised his foot on a cinder si\ inontlis prciioush, while wearing 
thin-soled shoes An open sore soon dc\ eloped, which healed and reopened At 
the time of admission to the hospital there was drainage of three months dura- 
tion Three sears preiioiish the patient had cvpericnccd lancinating pains m 

Examination rciealcd an nicer on the bill of the foot, with foul discharge 
The entire foot was swollen, discolored, cold and clamnn The roentgenograms 
stronglN suggested the changes that occur m easts of leprosi The metatarso- 



Fig 4 — The upper roentgenograms show compound fracture of the first meta- 
tarsal bone, necessitating resection This t\pe of direct infection does not produce 
the general changes noted in cases of perforating ulcer Compare them with the 
low'er roentgenogram (Albert P ), m which the changes suggest those that occur 
in leprosy The metatarsophalangeal joints and their contiguous bony elements 
are tj’picallj destrojed and are undergoing resorption 


phalangeal joints and their contiguous bony elements w'ere tjpically destrojed 
and were undergoing resorption The reaction to the Wassermann test w'as 
negative The sugar content of the blood was 297 mg per hundred cubic centi- 
meters A diabetic regimen w'as indicated Permission for amputation w'as 
refused 
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Case 4 (fig 6) — Fred N , aged 33, was admitted to the hospital in August 
1933 The patient had always had difficulty with his feet but did not ha^e real 
pain at an} time Six months previously an ulcer appeared at the end of the 
second toe on the right foot, which healed after a piece of dead bone was removed 
The third toe was similarly affected one month after this, and at the same time 
a blister developed on the second toe of the left foot The patient opened the 
blister, and an ulcer developed, which persisted There was no history of 
trauma or freezing The patient walked fairly well 

Examination revealed an ulcer the size of a dime on the ball of the big toe 
of the left foot which was sharply demarcated but rather ragged Part of the 
nail was missing on the big toe of the right foot, and the entire toe was short 
The third toe of the right foot was thicker than that of the left foot and had a 



Fig 5 — Recurrent perforating ulcers of the toes and heels in a young woman 
subsequent to an attack of epidemic encephalitis and associated with osteomyelitis 
of the phalanges These episodes were all due to combined nervous and peripheral 
vascular disturbances which were uninfluenced by lumbar ramisection performed 
bilaterally about eight years before the photograph was taken In the photograph 
the ulcers have healed, as they always did following a period of rest and relief 
from weight bearing 


small ulcer at the distal end The ulcers were painless The neurologic exam- 
ination gave negative results 

Roentgenograms showed spina bifida occulta of the first sacral segment The 
anteroposterior v’lews of the feet revealed marked hallux valgus of the right foot, 
with some subluxation of the proximal phalanx There was a defect of the third 
phalanx of the second toe, with no intrinsic pathologic process of the right foot 
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The first plialanx showed increased width Ihert were some irregular periosteal 
thickening and proliferation, with the formation of small exostoses There was 
no definite swelling of the soft tissue of the big tot of the left foot 

Dermathcrmic readings after injection into the posterior tibial nerve showed 
the basic temperatuic on the right suit to be 29 6 C and after thirtj minutes 
309 C, and on the left side. 299 C, and after thirty minutes 29 C 

Treatment started on September 1 included resection of the ulcer of the big 
toe and plastic closure, with some iniproa tinent On October 25 a Ma\o biinion- 
ectomj was performed on the left foot The wound healed A patho- 
logic examination of soft tissue removed at operation rcicalcd a torpid 
cutaneous ulcer with Inptrplasia of the sweat glands and slow and irregular 
epithelization from the margins flit diagnosis was tarh perforating ulcer of 
the foot caused b\ circulatore insufiicicnce , with few changes in the bone 

Case S (fig 7) — Isabell aged 6 a ears, was admitted to the hospital in 

March 1927 The child was born with a meningocele o\cr the lumbar region 
and a club foot (left) The meningocele was snrgicall) remoeed The roent- 
genogram showed a complete lumbar and sacral cleft In 1927 a small ulcer 



Fig 6 (Fred N , case 4) — The anteroposterior mows of the feet reeealed 
marked hallux aalgus of the right foot, with some subluxation of the proximal 
phalanx There w’as a defect of the third phalanx of the second toe, with no 
intrinsic pathologic process of the right foot There was no e\idencc of abnor- 
mality of the spine 


developed on the lateral surface of the ball of the foot, which w'as painless and 
healed slowly In 1929 the foot w'as more markedh deformed, and the ulcer 
again appeared and persisted This was on the lateral weight-bearing surface 
Surgical correction and stabilization of the foot w'as performed The operatne 
w’ound healed, but the ulcer had not after some months Two vears later all 
signs of ulceration had disappeared, and the fusion of the foot held firmlj In 
1932 an ulcer der eloped on the big toe of the same foot, w'lth some moderate 
drainage This continued until osteomyelitis set m m the proximal phalanx Opera- 
tion was performed according to the Orr method The bone was friable, frag- 
mented and sequestrated, and there w'ere considerable reddish granulations but 
no free pus The w'ound healed in about eight months Staphj lococcus was 
recorered from the w’ound at the time of operation 

Histologically the bone showed lacunar absorption, and the tissue between the 
rabeculae was filled w-ith granulation tissue densely infiltrated by inflammatory 
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cells, of which the polymorphonuclears predominated The diagnosis was chronic 
osteomyelitis, with a perforating ulcer of the foot 

Case 6 (fig 8) — Earl T, aged 33, was admitted to the hospital m March 
1933 Ulceration followed local injury to the foot three years previously There 
were some pain, heat and redness over the bunion area for several days before 
drainage set in at the outset of the formation of the ulcer The area healed with 
rest after two weeks In October 1932 there was a recurrence, with a plantar 
lesion over the same area During the same winter the opposite foot became 
similarly involved Some swelling of the ankles persisted with prolonged weight 
bearing, because the patient did not stop working Both feet had been frozen five 
years previously 



Fig 7 (Isabell M , case S) — The roentgenogram of the spine shows a com- 
plete lumbar and sacral cleft The other roentgenogram is of the club foot (left) 

The family history revealed that the mother suffered from callosities A 
maternal aunt was similarlj affected, and her daughter had a painful condition of 
the foot which recently required the removal of a small piece of bone 

Examination revealed the right foot and leg to be edematous, and the fore part 
of the foot was especially red on the dorsum There was pitting edema, but the 
foot was not tender Under the large toe was an ulcer inch (19 cm ), with 
considerable oozing Two smaller toes had dark shiny calluses which looked 
like areas of beginning dry gangrene There was a marked hallux valgus on 
the left foot, the nails were hv pertrophied, and the sole had two calluses, in one 
of which was an ulcer The reflexes were slightly hyperactive 
The laboratorv examination gave negative results 
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The dermathermic reading after thlrt^ inimites showed an increase of 08 C 
Before injection the temperatiirc was 28 7 C The anteroposterior roentgenogram 
of the feet sliowcd an enornioiis widening of tlic anterior portion of the arches 
The first metatarsal bone of eacli foot was in a position of marked adduction 
There were dcstructue lesions at the distal end of the fifth metatarsal bone of 
the left foot, on the cfistal two thirds of the first phalanx of the big toe of the 
right foot and on the head of the inetafaisal bone of the second toe of the right 



Fig 8 (Earl T , case 6) Photographs and roentgenogram showing involve- 
ment of both feet following local trauma to one foot three years preriouslj^ 

foot There were destructive lesions of the second mterphalangeal joint of the 

n metatarsophalangeal joint of 

t e fi th toe of the left foot There w'ere peculiar destructive processes at the distal 
end ot the end phalanx of each toe of the left foot Periosteal reaction was present 
along the diaph>s.s of the third and fifth metatarsal bones of the left foot, and 
m and third metatarsal bones and along the first phalanges of 

the first and the second toe of the right foot There was marked swelling of 
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the soft tissue of the big toe of the right foot, the roentgenogram showed 
activity m the first and second phalanges, whereas all the other lesions seemed 
to be of longer duration and m a more chronic stage The distal end of the fifth 
metatarsal bone of the left foot was completely destroyed, and there was subluxa- 
tion of the toe in a dorsal direction The lesion rsas that of an ostcom\elitic 
process of the metatarsal bone and of the phalanges, including the joints A speci- 
men was remoied for biopsv, consisting of the proximal phalanx of the big toe 
and the heads of the metacarpal bones There were edema and thickening of the 
tissues The periosteum w'as thickened and adherent Concentric lamellations 
w'ere noted on removing the cortex The bone w'as hemorrhagic, and a definite 
medullary cavity was not noted The wounds healed m four dajs bj first 
intention On May 18 treatment was instituted with a whirpool bath and 
irradiation wuth ultraviolet rays, with considerable improvement Examination 
on October 6 re\ealed the ulcers to be healed, but m Juh that on the big 
toe of the right foot reopened, and one week later tliat on the left foot reappeared 
These were present with some sw'elling at the time of writing 

A piece of skin and three small pieces of bone taken from the first metatarsal 
bone were examined histologicallj The piece of skin sliow'ed marked thickening 
of the subcutaneous laj'er, wdnch was entirelj' composed of fibrous tissue The 
subcutaneous fat tissue had completelj disappeared Chronic cellular inflamma- 
tion was present m some places but did not form an outstanding feature The 
pieces of bone taken from the first metatarsal bone show'ed irregular but dense 
spongy bone The bony trabeculae were composed of fibrous and lamellar bone 
of almost equal amount They were included m dense and Inpcremic fibrous 
marrow The bone tissue seemed in a quiescent stage There was not much 
resorption or apposition of bone The new' bone was almost entireh the result 
of formation of fibrous bone originating in the fibrous bone marrow’ There w'cre 
no signs of acute inflammation 

Several small pieces of bone taken from the second metatarsal bone showed 
essentially the same picture as that of the first metatarsal bone Fibrous bone 
marrow was present, with many hyperemic lessels The spongy bone W'as even 
more irregular than that in the first metatarsal bone, especiallj w'as lacunar 
resorption in the marginal portions of the metatarsal bone lerj mixed 

The diagnosis w'as chronic osteomyelitis of the first and second metatarsal 
bones without signs of a specific pathologic process 


SUMMARY 

We have discussed the general features and the changes in the bones 
in cases of malum perforans pedis as based on observations on a series 
of 33 cases It is evident that any treatment to be effective must be 
aggressive and must be instituted almost eaily enough to be considered 
as a prophylactic measure Therapeutic methods must aim at rectifying 
any or all underl)'ing constitutional causes that are operative, as well as 
the local condition It is safe to assume that any improvement in the 
circulatory status of the affected member wnll react faA'orably on such 
skeletal changes as are more or less collateral and which consist chiefly 
of degeneratl^'e changes due to atroph)' of disuse and local pressure at 
the joints There is a marked tendency to repair and regeneration It 
is suggested that the pavaex treatment offers an excellent means of 
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obtaining an inipioxenient in the local cn dilation Those aieas which 
are defimtel} osteomyelitic must be considered as involved m piimaiy 
diiect mflanimatoiy changes supci imposed on the basic degeneiative 
tiansfoimations and aie due to infection directly by waj of the bieak m 
the surface of the skin This is suppoited by the fact that m a senes of 
over 130 cases of osteomj elitis of the small bones of the foot the condi- 
tion in the vast majonty was due to a pcifoiating injui} In the senes 
of orer 1,500 cases of ostcomjehtis theic weie only S instances of 
peripheral metastases to tlie bones of the foot Thcicfore we belter e 
that all osteoni} elitic foci in peiforatmg ulcci of the foot should be rad- 
ically attacked as in aii} other osteonnehtic locali/ation There must be 
a caieful clinical evaluation of the boin changes as seen m roentgeno- 
grams in ordei to distinguish the osteomjehtic from the collateial 
changes The presence of sequestiums is of great aid m foiming an 
accurate opinion and indication Amputation should be rcsoi ted to only 
after all else has failed and with the thought that iilceiation has been 
know'n to teem m the stump and also in the other foot after it has 
taken up its added static bin den 
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It has been knotvn for a long time that distention of the small bowel 
IS larely observed m cases of obstruction of the colon The older Ger- 
man writers, Kieuter, Anschutz and others, have explained this obsei- 
vation by assuming that the ileocecal sphincter is competent to tvithstand 
back pressure The literatuie fiom 1890-1900 is replete with reports 
of cases of obstiuction of the colon m which gangrene and perforation 
eventually developed with absence of distention of the small bowel 
The more recent literature on obstruction (Bui get and Gatch and their 
associates and others) has stressed the fact that changes m the wall of 
the bowel are more likely to occur in cases of obstruction with a closed 
loop than in those of simple type 

The importance of the ileocecal sphincter in obstruction of the large 
bo\vel depends entirely on whether it is competent to prevent backflow 
into the ileum, thus converting an otherwise simple type of obstruction 
into a closed loop 

From the Department of Surgery of the University of Minnesota 
Submitted to the Faculty^ of the Graduate School of the Universitr of Minne- 
sota in partial fulfilment of the requirements for the degree of Master of Science 
(September 1934) 
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Ihis thesis deals with the question of why obstiuction of the laige 
bowel, especially that due to caicinoma of the left half of the colon, 
IS of a closed loop type and whethei the ileocecal sphinctei is sufficiently 
competent to pveNent leguigitation of gas and fluid into the small bowel 
until the iiiciease of mtia-enteiic piessuic is gieat enough to compromise 
the circulation of the wall of the laige intestine 

The work is divided into foui paits 

1 Expeiimental stud} of the competency of the ileocecal sphinctei 
m cadaveis, dogs and clinical subjects 

2 Observations on the intia-cntciic pressure which may obtain in 
clmical cases of obstiuction of the large bowel 

3 Experimental stud} to deteimine the cftcct of such recoided pres- 
suies on the structuie of the wall of the bowel 

4 Piesentation of clinical cases 

The value of this woik is twofold Fust, it emphaswes that obstiuc- 
tion of the large bowel should be treated as a closed loop oi a potential 
stiangulatmg trpe Second, foi the fust time mcasiii cments of the 
increased pressuic wdiicli obtains m cases of obstiuction of the large 
bow'el are lecoided 

REVIEW OF LITERATURE 


An enormous hteratuie has accumulated conceinmg the pathologic 
phrsiology of intestinal olistiuction, iiiit it has dealt mostly wuth the 
variety seen in the small bowel Relatncl) little attention has been paid 
to obstruction of the colon, and a tendency to regard it in the light of 
recent observations on ileus of the small bowel is erident The differ- 
ence betw'een ileus of the small bowel and that of the large is chiefl) 
one between simple obstiuction and that of the closed loop type, and 
it depends on the presence of a competent ileocecal sphincter, wdnch pie- 
vents backflow' and allow's inti a-intestinal pressui e to mount to dangerous 
heights 


Bauhin described the ileocecal sphincter m 1605 and conjectuied 
that it was competent to resist back pressure, acting chiefly m the mechan- 
ical role This W'as accepted for about three hundred 3 'ears wnthout 
question How'ever, m the last fifty years much has been said and 
WTitten with reference to the competency of the ileocecal sphincter to 
withstand the injection of fluids or the insufflation of gases into the 
rectum 


That the valve acts not only mechanically but as a true sphincter 
was emphasized bj' Cannon and also by Rutherfoid wdio demonstrated 
t le presence of circular fibers Balli through important histologic studies 
not only confirmed the work of Rutherford but demonstrated the pres- 
ence of oblique fibers The valve acts then as a leal sphincter, similar 
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to that of the pyloius, and legulates the passage of chyme from the 
small bowel into the laige and effectually pi events regingitation 

Elliot has shown that the ileocecal sphmctei is not an essential organ , 
1 e , It IS absent in the bear, feiiet and hedgehog It is not essential 
to life, as patients on whom resection of the ileocecal legion and ileo- 
colostoni}^ have been pei formed appaiently accommodate themsehes to 
the change aftei a shoit peiiod of diaiihea and experience no fuither 
trouble 

ANATOMIC STRLCTURE OF THE ILEOCECAL SPHINCTER 

111 textbooks of anatomy (Sobotta and McMurrich) the ileocecal 
sphmctei is desciibed as formed by two folds of mucous membiane, 
which are termed the upper and lower lips of the valve The deeper 
layers of the lips are the two musculai la}eis of the ileum The fold 
appears as a hemispheiical papilla 1 8 cm in diameter projecting 1 cm 
above the cecal wall The sut faces of the bps directed towaid the large 
intestine have the chaiacter of the mucous membrane of that poition of 
the intestine, while those that aie turned towaid the lumen of the ileum 
aie covered with villi to the edges of the valvular oiifice When open 
the lips of the vahe aie sepaiated by an elongated slit pointed at either 
end, and when in contact they foim a complete closme between the 
large and the small intestine Fiom the bps of the valve semicircular 
folds ladiate to the anterioi and posteiioi poitions of the wall of the 
cecum They are teimed the fienula (anteiioi and posteiior) of the 
valve, and they foim the boundary between the cecum and the ascending 
colon 

NERVE SUPPLY 

Elliot has demonstrated that the motoi inneivation of the sphmctei 
IS through the ninth to the twelfth thoracic nei ve and the first and second 
lumbar segments of the splanchnic nerves He obtained contraction 
by stimulation of these nerves and bj^ painting the sphincter with epi- 
nephrine Elliot’s obseivations were confirmed by Hiomada and by 
Dale Stimulation of the vagi and the pelvic neives did not result in 
contraction Walcker cut the ileocolic nerves, and paialysis of the 
sphmctei resulted The sphincter becomes incompetent after section of 
the spinal cord (Elliot) Tonms cut the postganglionic fibers to the 
ileocolic and midcolic artei les and the rami communicantes of the twelfth 
and thirteenth nerves on each side and noted paialysis of the sphmctei 
There was also paralysis if the splanchnic neives were cut m the chest 
Hmnchsen and Ivy studied the innervation of the ileocecal sphincter 
and came to the following conclusions 

1 The sphincter acts physiologically 

2 Stimulation of the vagus produced first lelaxation, followed by a 
stiong contraction, therefore, the vagus has both motoi and inhibitory 
fibers 
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3 Stimulation o{ the splanchnic iieues icsultecl in conti action only, 

1 e, the splanchnic ncnes maintain the tone of the sphinctei 

4 Contiaction maj occui following stimulation of almost any abdom- 
inal neive and fiom distention of the stomach, duodenum oi colon 

5 Contiaction dm mg the feeding lefiex is due to a duodenocolic 
leflex 

The eftect of the duodenocolic oi the gastiocolic leflex on the sphme- 
tei has been mentioned by sc^elal wiiteis Hannes found that the ileo- 
cecal sphinctei is open m dogs except aftei the intake of food Tonnis 
shoued that when the stomach is full the sphinctei lemains closed and 
that it opens only with the onset of pci istalsis m the ileum Examination 
one hour after a meal seldom showed the picscnce of incompctency 
From this it would appeal that filling of the ileum by a baiiiim enema 
IS no index of msiifficienc} if the enema is taken on an emptj stomach 
during fasting oi long aftei a meal That the iicnc conti ol of the 
sphincter is chiefli thioiigh the local jiortion of the mtiamiual plexus 
of Aueibach was shown bi Shoit, who obsened in expei nnentation on 
a man with the ileocecal sphinctei exposed tliiough a cccostomy opening 
that stimulation of the folds of the cecal mucous membiane when it was 
m full activity aftei a meal delaied outflow fiom the ileum and made 
the jets less fiequent. though it did not stop them altogether It is 
conceivable that the initation set up b\ distention of the cecum and 
stasis of fluids and gases due to stiictuie of the left poition of the 
colon w'ould result in inci cased tone of the sphinctei. making it more 
competent m a person w'lth obstruction than m a normal pei son 

Fiom the expeiiments of Heile it seems that filling of the colon 
causes a firmer contraction of the sphinctei, foi in expeiiments pei- 
formed for a different purpose he show'ed that the mtioduction of a 
tampon cannula into the colon produced a much slowei eradiation of 
the small bowel through the appendical fistula This may be due to 
increased contraction of the muscle fibeis of the sphincter after mechani- 
cal nutation produced by giadual filling of the colon Sudden massive 
filling of the colon, such as occui s wnth the barium enema, is not to be 

compared with the gradual distention in cases of obstiuction of the large 
bowel 

Case stated that reversed waves are the prevailing type of movement 
in the proximal portion of the colon and that they may become exag- 
gerated m the presence of obstruction of the left half of the bow'el lesult- 
nife, in stasis m the proximal segment He called attention to the fact 
tiat many wmiters have desciibed instances of gangiene of the cecum 
associated wnth obstruction of the pelvic portion of the colon, and he 
exp amed the phenomenon as due to rvaves of antipenstalsis originating 
a a ring of tome contraction, which cieate back pressiue and lesult m 
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distention of the cecum Blamoutier definitely observed this ring of 
contraction from which waves of antiperistalsis seemed to originate He 
commented on the fact that the ileocecal sphincter would soon atrophy 
if It weie not for the presence of these reversed waves 

COMPETENCY OF THE SPHINCTER 

In 1586 Piccolhommi showed that injection of air or water through 
the rectum produced closure of the ileocecal sphincter Fabricius ab 
Aquapendente (1618) was unsuccessful m injecting air through the 
rectum into the ileum Postmortem tests of incompetency of the sphinc- 
ter have been made by many m\ estigatoi s Rutherford summed up the 
results of these tests as follows “Want of uniformit} m description 
makes it probable that the ileo-cecal vah e changes soon after death ” 
He concluded that normall}' the valve is competent during life The 
fact that the ileocecal valve acts as a muscular sphincter makes it evident 
that Its competency must depend on the tonicity of its muscle fibers 
and that all factois influencing the tone of the ileocecal region, whether 
of local or of remote origin, also legulate the sphincter 

On the assumption that the valves act mechanicall)' only, Plesch 
compared them to a pair of lips and indicated that there would be no 
mcompetency when the lips were accurately apposed to each other 

The degiee of increased colonic ptessure required to foice the ileo- 
cecal sphincter has been investigated by many woikers Cannon noted 
that in a cat large enemas weie passed into the small bowel but that 
small enemas were not Von Genersich forced fiom 6 to 9 liters of water 
into the colon undei a pressure of from 80 to 100 cm of water and found 
that the fluid passed into the small bowel He observed this in both 
living and dead subjects This was confirmed by Daiinac Von Ziems- 
sen forced carbon dioxide into the colon in both man and the dog In 
dogs he was able to recover it from the mouth, m human subjects he 
recovered it only when a high pressure was used Senn found that air 
under a pressure of 2 5 pounds (11 Kg ) per squaie inch (645 sq cm ) 
could be passed from the anus to the mouth in man However, the 
ileocecal sphincter withstood a pressiue of 0 7 Kg successfully, and 
only when the pressures exceeded 09 Kg was colo-ileal regurgitation 
evident In his experiments on dogs he concluded that the ileocecal 
sphincter resisted a pressure of from to ^ pound (0 2 to 0 3 Kg ) 
In experiments in which fluid was forced through the ileo- 
cecal valve, multiple lacerations of the peritoneal suiface of the large 
bowel were shown at autopsy Walcker inflated the cecum in cadavers 
and found that the sphincter withstood a pressure of from 2 to 80 mm 
of mercur)^ In 1 specimen the valve withstood the inciease of pressure 
until the cecum ruptured Burt determined by the introduction of air 
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the pressuie leqimed at \anovis levels to luptmc the bowel He fomid 
that the cecum had the least lesistance, ruptuiing at a piessure of 1 53 
pounds (069 Kg) pei squaie inch (645 sq cm) Joltiam, Bauflc 
and Coope (cited by Lai sou and Bargcn) pioduced pressuies of various 
degrees in the large bowel and noted the effects The} found that the 
normal colon could hold about 1,000 cc of fluid, which they computed 
was undei a pressure of fiom 16 to 20 cm of watei When the piessure 
was increased to about 30 cm of water with a volume of 3,000 cc m 
the colon the patient complained of pain and disticss 

Heile stated that a piessure of 20 mm of meicuty is the highest 
that will be withstood b} the ileocecal sphmctci although in some cases 
he observed ruptuie into the pciitoncal caviL 

The percentage of cases of msufficicnc} of the ileocecal sphincter 
as reported b^ raiious i oentgenologists raiics fiom 0 to 90 pci cent 
Gioedel has nerei seen incompetence of the ralve in withstanding 
contrast mediums m healthv peisons Diummond and Schwaitz noted 
that enemas rarel} pass beiond the cecum In a scries of 1,500 cases 
in which a barium enema was gnen Case reported 250 instances of 
insufficiency Other values aie those cited bv Hammci (70 per cent), 
Herlyn (42 pei cent), Ahaie? (60 pei cent), Caiman (90 per cent). 
Dietlen (20 per cent) and Cole (33 pci cent) This \ariance m values 
must indicate a vaiiance in technic m the administration of the baiiiim 


enemas It is reasonable to assume that the higher the piessure utilized 
the greater the percentage of instances of mcompetency At the Unner- 
sity Hospital it has been estimated bi Dr Riglei that in appioximatel} 
80 to 90 per cent of all the cases in which barium enemas are given. 


mcompetency of the sphincter is shown 

Most investigators have found that the sphinctei is competent to 
withstand model ate increases of intra-entei ic pressuie Rost stated 
In general, the lalve prevents backflow^ from the laige intestine and 
also remains closed wdien the pressure there is faiily high, as for example, 
in large intestinal ileus” Despite repoits by roentgenologists on the 
relative insufficiency of the sphincter, the fact remains that m clinical 
cases of obstmction of the large bowel the condition is often observed 
to progress to gangrene of the cecum and perfoiation without evidence 
0 di ataPon of the small bow'el In an attempt to con elate these para- 

follownng observations are presented 
ressures utilized m barium enemas produce sudden massive fill- 
ing o t le colon and are much higher than any wdiich might occur even 
in cases of extreme obstruction Filling of the colon m a case of 
^ Forty millimeters of mercury (52 cm of water) 

^ pressure I have measured in clinical cases of obstruction 

j pressure exerted by the barium enema is usually greatly 
ugmented by manual manipulation of the cecum 
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3 Barium enemas are usually gnen to persons while fasting, in 
which state, according to Tonnis, the sphincter is most likely to be 
incompetent 

4 The gieatest percentage of barium enemas are administered to 
younger peisons ^^lth a normal colon The results cannot be applied 
to the pathologic colon subjected to giadual distention and increase of 
intra-enteiic pressure, which must certainly, by irritation of the cecal 
mucous membiane, affect the tone of the ileocecal sphincter 

EXPERIMENTAL WORK 

Experimental work was undertaken to ascertain (1) wdiether the 
ileocecal sphincter is competent to wuthstand pressures which occur 
clinically in the colon, (2) wdiether irritation of the distal portion of the 
colon or of the ileocecal nerves will increase the tone of the ileocecal 
sphincter and make it competent to withstand liighei pressures and (3) 
whether increase of intra-enteric pressure to the limits obsened clinically 
will result eAentually in damage to the w^all of the bowel sufificient to 
account for the clinical complications of gangrene, perforation and 
peritonitis Clinical observations are reported of piessures that obtain 
in cases of obstruction of the large bowel 

STUDY OF COMPETENCY OF THE ILEOCECAL SPHINCTER IN CADAVERS 

In the cada\er the ileocecal sphmctei acts onl)' mechanically, ownng 
to the loss of tone I shall refer to it as a “valve’’ in this section only 
Throughout the remainder of the paper it w'lll be referred to as a 
“sphmctei ’ 

The ileocecal portion of the bow^el w^as obtained from 4 cadavers at 
autops)' One specimen, obtained six hours after death, proved incom- 
petent to withstand air injected through the ileum or colon The second 
specimen, taken from a person who had died tw’o hours before, w'as 
entirel) competent (air could not be forced backw'ard into the ileum 
under pressures of more than 144 mm of mercury) Under this pres- 
sure, owung to distention of the colon, the air began to seep through 
the w^all Injection of air through tlie ileum under a pressure of 64 mm 
overcame the resistance of the valve Repeated attempts to inject air 
into the colon showed that the valve v\as competent to resist a pressure 
of 140 mm In the third specimen, obtained two hours after death, 
a colo-ileal regurgitation w^as obtained at a pressure of 32 mm , and 
ileocolic insufficiency, at a pressure of 14 mm In the fourth specimen, 
four hours after death, colo-ileal regurgitation was obtained at a pressure 
of 20 mm , and ileocolic insufficiency, at a pressure of 10 mm 

It would appear from these few studies on cadavers and from the 
literature already cited that observ'ations on a cadaver are of no value, 
because, first, tone is an important factor in the competenc) of the 
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\ahe, as st acts like a tuic sphiuctei, and, second, comi)etenc\ of the 
vahe in a eada\ci would depend enlnci\ on the degiee of coaptation 
of the lips of the ^al\e at the time of death 

TESTS or COMl’ilL.NCt 01 Till ILrOCECAL SPIIIiNCTER Ii\ DOGS 

Doc 1— With ether aue'ithesn, 1 foot (1048 cm) of mtcstme was isolated 
on either side of tlie ileocecal jimetiire .and clamped with rubber-coiered intestinal 
clamps A. 1-tnbe cannula was inserted into the ileum and into the cecum 12 inches 
(3048 cm) distal to the sphincter, and eane end was connected to a mercury 
inanonieter 

1 One bundled cubic centimeters of air was slowlj injected into the ileum 
The ileum was distended until a pressure of 70 mm of mercure was reached At 
tills pressure the ileocecal spimicter siiddeiih relaxed and allowed air to enter 
the cecum 

2 The preceding experiment was repeated the cecum being gradualK filled 
with air until a pressure of 76 mm was reached when the sphincter became 
incoinpetenl and allowed air to rush into the ilciim 

3 Air injected into the ileum passed the sphincter onh when a pressure of 
72 mm of mcrcun w.is reached The colon became distended When the ileum 
was suddenU decompressed the colon remained distended at a pressure ot IS mm, 
with the sphincter still competent It was necessarx to increase the pressure m 
the colon to 80 mm again before the sphincter ca\e wax and allowed air to pass 
into the ileum 

Doc 2 — Similar experiments were repeated at mtcrxals of tliirtx minutes The 
following results xxere obtained 

1 Ileocolic msufhcicncx appeared at a jiressure of 54 mm and colo-ileal 
regurgitation, at a pressure of 42 mm 

2 Ileocolic msufficiencj was obtained at a pressure of 30 mm, and colo-ileal 
regurgitation, at a pressure of 32 mm 

3 Ileocolic msufficiencx xxas obtained at a pressure of 40 mm and colo-ileal 
regurgitation, at a pressure of 32 mm 

IVhen the ileum xxas suddenlx decompressed the sphincter held air in the colon 
under a pressure of 20 mm of mercurx 

Dog 3 — A 1-tube cannula was inserted into the ileum, and a rectal tube was 
inserted into the colon through the anus and secured bj a purse string suture 

Air xvas injected through the rectal tube until a pressure of 226 mm oi mercurx 

was recorded m the colon At this pressure the sphincter exidentlx gaxe wax, 

and air rushed into the ileum Repetition of this experiment m thirtx minutes 

gaxe the same result at a pressure of 60 mm After this, complete paralxsis of 
the sphincter ensued, the tw'o systems acting as one 

In the rest of the experiments the effect of electrical stimulation with the 
induction coil of the splanchnic nerves {ileocolic xessels and the ileocolic nerxe), 
the distal portion of the colon, the small bowel and other xiscera was noted 
Dog 4 Colo-ileal regurgitation occurred at a pressure of 36 mm of mercurx' 
When the ileo-colic xessels xvere stimulated the resistance of the sphincter was 
increased until it equaled a pressure of 124 mm This test was repeated, and still 
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the resistance of the sphincter was equal to a pressure of 64 mm, almost twice 
that of the normal sphincter 

Dog 5 — Colo-ileal regurgitation occurred at a pressure of 40 mm of mercury 
When the distal portion of the colon w'as stimulated the resistance of the sphincter 
w'as equal to a pressure of 120 mm In thirty minutes a redetermination of the 
normal resistance to colo-ileal regurgitation showed it to be equal to a pressure 
of 64 mm On stimulation of the ileocolic \essels the resistance increased until 
It equaled a pressure of 107 mm 

Dog 6 — Colo-ileal regurgitation occurred at a pressure of 88 mm When the 
distal part of the colon w'as stimulated the resistance of the sphincter was increased 
to withstand a pressure of 112 mm The normal resistance w’as determined again 
and W'as found to be equal to a pressure of 66 mm On stimulation of the ileo- 
colic %essels a reading of 124 mm w’as obtained before the sphincter gave way 

Dog 7 — Colo-ileal regurgitation occurred at a pressure of 60 mm When the 
ileocolic ^essels were stimulated the resistance to regurgitation w’as equal to a 
pressure of 114 mm The normal resistance determined after thirtj minutes was 
equal to a pressure of 50 mm On stimulation of the distal portion of the colon 
resistance to regurgitation increased to w'lthstand a pressure of 120 mm 

Dog 8 — The normal resistance to regurgitation was equal to a pressure of 
70 mm The resistance when the stomach w'as stimulated was still equal to a 
pressure of 70 mm The normal resistance was again determined and found to 
be equal to a pressure of 76 mm The resistance w’hen the parietal peritoneum 
W'as stimulated was equal to a pressure of 80 mm The normal resistance was 
equal to a pressure of 70 mm On stimulation of the colon the resistance was 
equal to a pressure of 200 mm Practicalh no change in the resistance to regurgi- 
tation W'as observed, except w'hen the colon was stimulated 

A senes of experiments on a cat was performed Similar results were obtained 
as follows The resistance to colo-ileal regurgitation under normal conditions w'as 
equal to a pressure of 70 mm of mercury , on stimulation of the peritoneum, to 
65 mm , of the colon to 78 mm , of the ileocolic vessels, to 140 mm , of the appen- 
dix, to 100 mm , of the small bow’el, to 50 mm , and of the colon, to 140 mm The 
normal resistance again determined W’as equal to a pressure of 60 mm 

It IS evident from these experiments that the ileocecal sphincter of 
the dog and cat is competent to -withstand pressures of from 60 to 80 mm 
of mercury This noimal resistance has a constant value for each animal, 
as shown by many lepeated tests, and it is gieatl) increased by stimu- 
lation of the SAinpathetic nerves and by irritation of the serosa of the 
distal part of the colon Stimulation of the parietal peritoneum of other 
Mscera had no such effect Stimulation of the colon must enhance the 
tone of the ileocolic sphincter through Auerbach’s plexus A similar 
obseixation Avas made by Shoit, aa'Iio noted a decrease of ileocolic infloAV 
AAhen he stimulated the cecal mucosa It is significant that even the 
normal resistance of the sphincter to colo-ileal regurgitation is much 
higher than any increased pressure noted in clinical cases of obstruction 
of the laige boAA'el 
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Fig 1 (dog 5) — Increased compctcnc\ of the ikocccal \al\c on stinnilation of 
the distal portion of tlic colon 
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TESTS 01 C0^rl’nL^C^ 01 Tlir IIIOCIXVL SVIUNCTLR IN MAN in 
INSUllimlON 01 \1K INOIU 1 0\V PRESSUKK AND B\ 

Tin \nMlNISlU \T10N OI HAUIUM 1 NEM \S 

Witli the coopciation of IDis Kiglei and Boiinan of the depaitment 
ot ioentgenoloit\ of the Unncisit\ Hospital, it was obsened that Mith 
the usual technic i c with a picssute of gi.i\it\ of d feet (91 44 cm ) 
of bamim (fiom 80 to 100 mm of mcicin\) and with manipulation of 
the abdominal wall it was iiossiblc to itiulei the ileocecal sphincter 
incompetent m a high peieentage of peisons The competcnc^ of the 
Iniinan sphmctei was tested nndei a lowei piesstnc, 50 mm of incicun 
01 2 feet (60 96 cm ) of baiiiim In a senes of subjects the colon w'as 
fiist giadualh distended with an until the ceeum was well visuahred 
undei the fluoroscope Ihe baiium was injeeted undei a jnessuie of 
grant} of 50 mm It was obsened that the eolon was inueh inoie 
difficult to fill with baiium if an had pie\ious!\ been injeeted This 
was inteipietcd as due to the coinpetcnc\ of the ileocecal sphmctei to 
withstand the compiession of the an piescnt m the eeeum In 5 cases 
the ileocecal sphincter was coinjietcnt e\en aftei manijmlation In 3 
instances the baiium passed casih into the small bowel In 1 case 
barium entered the ileum undei a piessuie of onh 1 foot (3048 cm ) 
of barium (30 mm of incrcur\ ) In 5 othei eases the baiium was seen 
to pass thioiigh the sphincter, but onh aftei piolonged dclae It is 
evident that, owing to indnidual diftei cnees, a laigc senes w'ould be 
necessar} on which to base conclusions, and it is doubtful whethei the 
^alues obtained In Case (250 instances of insufficienei in a senes of 
1 500 cases m which banum enemas weie given) could be appi cached 
There must be a fundamental difieience lietween the i espouse of the 
ileocecal sphmctei to the sudden massue filling with banum and that 
to the gradual distention wnth gas and feces wdneh occuis in cases of 
obstruction of the large bow’el 

SIGNIFICANCE OF THE COMPETENCE OF THE ILEOCECAL 
SPHINCTER IN CASES OF COLONIC OBSTRUCTION 

REPORTS or CASES 

The best pi oofs of competency of the ileocecal sphmctei in cases 
of obstuiction of the large bowel aie the instances leported of gangrene 
and perforation of the cecum which occur in association with stenosis due 
to carcinoma of the sigmoid flexure The Geiinan liteiature is leplete 
■With reports of cases in wdneh the colon was greatl}’’ distended and 
gangrenous wffiile the ileum w^as empty Shnnodaira piesented 48 cases 
0 ns owm and ref ei red to the reports of Albarran and Lavillamoy, 
0), Letulle, Kochei, Kreuter, von Greyeiz and others, wdio have 
lentioned cases or hare referred to instances of ulceiation gangrene 
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or perfoiation of the cecum lesultmg from obstruction Reichel reported 
12 instances of perfoiation m a senes of 216 cases of carcinoma of the 
colon Eight of these peifoiations were in the cecum Nielson reported 
2 m a senes of 87 cases of carcinoma of the colon Cohen reported 2 
cases Ginzbuig lecentl} noted that “even in cases of long-standing 
obstruction of the colon, dilated small bouel and fluid levels are not 
visualized b} X-ray ” 

I wish to report 4 illustratne cases 

Case 1 — Huloiy and Com sc — H H, a white man aged 63, was admitted to 
the University Hospital on 30, 1931 He ga\e a historj of gradual loss of 
weight for a period of si\ months, during which there had been attacks of pain 
in the abdomen Distention and acute abdominal pain \\ere present three da\s 
before admission, and \omiting began two dajs before E-s-amination of the 
abdomen at the time of admission reiealed definite distention but no ngiditj or 
tenderness either before or on rebound Auscultation of the abdomen re\ealed 
the presence of loud borbor 3 gmi about the umbilicus and in the right low'er 
quadrant On rectal examination a small mass was palpated high in the left 
side Roentgen examination of the abdomen showed marked distention of the 
large bowel with gas and the presence of le\els of fluid Because of apparent 
dehjdration and the poor condition of the patient, it w-as thought best to defer 
operation for a few hours, during wdiich 3,000 cc of saline solution was admin- 
istered subcutaneoush One and one-half hours before operation the patient 
experienced acute pain in the right lower quadrant Examination at this time 
show'ed rigidity and tenderness both before and on rebound on the right side, 
neither of which signs w'as present at the time of admission six hours before 
These findings suggested at once the presence of gangrene or perforation of the 
cecum There was no obliteration of hepatic dulness on percussion 

Operation — A large amount of turbid fluid w'as present in the peritoneal ca\iU 
The cecum was enormously distended, there w'as no distention of the small bowel 
Several rents in the cecal w'all extended through the serosa and the musculans, 
through w'hich herniation of the mucosa had occurred One of these tears 
measured 6 inches (15 24 cm) The mucosa was greenish-black, suggesting 
gangrene extending through the entire thickness of the intestinal w'all Cecostomj 
w^as performed, and the abdomen w'as closed 

Case 2 — Histoiv and Com sc — A H, a W'hite man aged 73, w’as admitted 
to the University Hospital on March 25, 1932, complaining of abdominal pain, 
distention, vomiting and anorexia of several days’ duration He was in such 
poor general condition that it was impossible to ascertain the actual duration of 
his complaint Examination revealed marked distention of the abdomen Peri- 
stalsis was visible through the abdominal w'all At intervals loud borborj^gmi 
were audible, and man) metallic tinkles w'ere heard Slight diffuse tenderness 
on palpation was present, but rigiditj' and tenderness on rebound w'ere absent 
There were no palpable masses, and the results of rectal examination were nega- 
tive The nonprotem nitrogen content of the blood was 57 mg per hundred cubic 
centimeters and the chloride content, 585 mg Roentgenograms of the abdomen 
re\ealed enormous distention of the colon The clinical diagnosis was obstruc- 
tion of the large bowel, due probablj to neoplasm of the colon on the 
left side Fourteen hundred cubic centimeters of a dextrose and saline solution 
was given subcutaneoush Bv gastric lavage onlj'^ 50 cc of bloodstained fluid 
was obtained 
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Opitatwn—lhi. nl)domen wib opened through a right ^IcBurne^ incision ^ 
niarkedh distended colon was presented No distention of the small bowel was 
MSiblc, the terminal portion of the ileimi being collapsed A needle connected 
to a mcrcure manometer was inserted into the colon, and the mtra-mtcstmal 
pressure was dctcrunncd to be 27 mm of mercurr (35 cm of water) Eighteen 
hundred cubic centimeters of gas was drawn off imniediateh through the needle 
until the recorded pressure was onh d mm of mereun (5 cm of water) The 
needle puncture m the wall of the bowel was closed In suture Examination 
reiealcd the presence of a signet carcinoma m the lower part of the sigmoid 
flexure Sigmoidostonn was carried out It was thought adiisable to perform 



Fig 5 (case 1) — Roentgeno gram of the abdomen, showing marked distention 
of the large bowel with gas m a case of acute obstruction of the large bow'el of 
three dajs’ duration, due to carcinoma of the sigmoid flexure Distention of the 
cecum is the most prominent feature wnth no distention of the small bow'el (From 
Wangensteen, O H , and Paine, J Treatment of Acute Intestinal Obstruction 
by Suction with the Duodenal Tube, JAMA 101 1532 [Nov 1] 1933, fig 1 ) 

^so a cecostomy or an appendicostoniy, but the cecum could not be delivered 
erefore, ileostomy w'as earned out, and the abdomen was closed The patient 
subsequently died 

Autopsy The gastro-intestinal tract presented a remarkable picture The 
wtire large bow’el w'as markedly distended to a diameter of approximately 12 cm 
struction was due to carcinoma of the sigmoid flexure A carcinomatous ulcer 
1 75n r' ^'^'^cter occurred at the point of constriction The colon itself w'eighed 
m and contained 4,050 cc of fluid 1 here were marked hypertrophy and 
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thickening of the wall of the entire large bowel The ileocecal calve was com- 
petent to withstand back pressure The small bowel vcas not dilated How’ecer, 
there was definite ecidence of Inpertroph)' of the wall The hypertrophj was 
more evident near the ileocecal valve, the wall of the jejunum sliow'ing no signs 
of increased thickening 

Case 3 — Hutoiy and Cotnse — H J, a white man aged S3, was admitted to 
the Lnnersitc Hospital on Hoc 19, 1933 The Instore dated from 1931, at cchich 
time he ccas operated on at another hospital for the rebel of acute obstruction of 
the large bowel Details of the operation are unknocen On admission he com- 
plained of sec ere, colickj, intermittent abdoniinal pain and complete obstipation 
of four dacs’ duration Alternating diarrhea and constipation had been present for 
several dacs prior to the onset of acute semptoms There evas increasing disten- 
tion He had vomited onlj once on the dav before admission Examination 
rccealed prominent distention and both cisible and audible peristalsis A roent- 
genogram of the abdomen rccealed marked distention of the colon Water used 
m lavage of the stomach ccas returned clear No gas or fluid ccas obtained 
Nasal suction ccas instituted cvith no relief 

Opiiation — Cecostonij ccas carried out through a right McBuriiej incision 
A. mass ccas palpated in the sigmoid flexure Intra-entene pressure (m the 
eecum) at the time of cecostomc evas 18 mm of mercurj Pressure ccas main- 
tained at 10 mm (13 cm of evater) The intestinal ccall ccas edematous There 
ccas marked congestion of the mesenteric ceins Profuse bleeding occurred from 
the puncture evound of the needle, indicating high ceiious and capillary pressures 
Three hundred cubic centimeters of gas evas remoced be suction through the 
needle, and the cecum evas exteriorized for cecostomc Pour hours later the 
pressure in the exteriorized bocvel bad increased to 40 mm (52 cm of evater) 
The bowel ccas opened, a no 24 catheter ccas inserted into the proximal loop, 
and be alternate suction and irrigation the distention evas successfullc reduced 

Case 4 — Histoiy and Coni sc — Airs A G, a cchite ccoman aged 72, ccas 
admitted to the Dnic'ersitj Hospital on Jan 27 1933, ccitli a Instore of attacks 
of diarrhea, comiting and abdominal pain of one month's duration The stools 
had frequenth been black Obstipation, colickc abdominal pain and progressive 
abdominal distention had been present for three dacs There had been no coniit- 
ing in the tccentc-four hours prior to admission Examination recealed marked 
distention of the abdomen, cisible and audible peristalsis and moderate tenderness 
m the locver portion of the abdomen On rectal examination a mass of question- 
able character evas noted high in the left side, cchich seemed to be extrinsic to 

the bocvel Proctoscopic examination of the colon for 17 cm gave negatice 

results Roentgenograms of the abdomen revealed distention of the large boccel 

onlv 

Opel at ton — Cecostomj evas performed The entire colon, especially the 
cecum evas distended Exploration faded to rec'eal the obstructing mechanism 
The intra-entenc pressure evas determined to be 12 cm of evater The post- 
operatic e course evas complicated by an attack of coronary thrombosis and auricu- 
lar fibrillation On the tccelfth postoperatic'e daj the temperature increased to 
102 F , the pulse became thready, and the patient complained of dyspnea, cvhicli 
ccas rebec ed by the administration of oxegen No abdominal abnormalities cvere 
noted Death occurred on the sixteenth postoperatice day' 

dntopsv — Examination of the gastro-intestinal tract recealed edema of the 
ccall of the loccer portion of the ileum as one approached the ileocecal valve 
There was no obstruction of the small bocvel The entire colon evas moderately 
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dihtecl as far as tin sminnid fk\urt Tin iiUtstma! wall was much thickened 
and edematous Three large perforations ot the eolon were ceiclent each approsi- 
niatch 4 cm m diameter One ocetnred in the traiiseerse colon, 1 m the splenic 
flcMirc and 1 m the sigmoid (k\ure at the hrim ot the pcKis The edges of the 
defects weic hlaek and appealed neeieitie 1 he peritoneal ea\it\ was filled with 
feces and showed signs of feed pentomtis On oiietimg the colon the mucosa ot 
the eecnm and aseerding eolon was ohstreed to be reddened and edematous 
Beginning at the hepatie lk\nro niegular pitehes ot nkeration nnohed the 
mucosa and suhmucosa \t the spknie flevure and in the dcseeiidnig eolon these 
patches fused into an ilniost continuous e\trenieh irregular area ot ulcer ition 
About 30 cm alien e the anus a small aelcnoeareiiioma had compkteK oe eluded the 
bowel 

— The find diagnosis was caieiiiomi of the sigmoid fk\urc witii 
intestinal obstruction and secondare nkeration and iierforatioii of the intestmil 
wall and fatal peritonitis The eiuestion ot the etiologe ot the lerfmation and 



ulceration is difficult to settle The conditions are probable explained on the basis 
of fecal impaction, stercoral ulcers and damage to the circulation of the eeall of 
hoeeel bj the increased mtra-enteric pressure It is possible that the ulceration 
and perforation e\ ere the result of inadequate drainage of the colon , that is, the 
cecostomj opening was not large enough to decompress adequateh the distal part 
of the colon and empte it of feces Sections of the intestinal w'all studied be 
parasitologists did not reveal Amoeba The diagnosis of acute ulceratne colitis 
on the basis of inflammation aboee the site of obstruction cannot be ruled out 
a ej, Letulle and most recenth Reichel liaee adeanced this hepothesis 

ErrcCT OF INCREASED INTRA-ENTERIC PRESSURE ON THE 
WALL or THE BOWEL 

Pathologic changes in the intestinal avail as a consequence of increased 
mtra-entenc piessure must be secondary to the effect on the circulation 
0 the avail of the boavel Kocher aaas the first to lecogmze the signifi 
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cance of increased intra-entenc pressure He noted that distended incar- 
cerated hernial loops had a congested appearance and that when gangrene 
appeared it was located on the antimesenteric border He observed the 
so-called Dehnungsgesclnoin c (distention-induced ulcers) and ascribed 
their occurrence to the effect of distention on the circulation of the wall 
of the bowel 

Shimodaira, a pupil of Kocher, collected 48 instances of perforation 
and rupture of the intestinal wall due to obstructing strictures, i e , to 
carcinoma of the colon He distended closed loops of the bowel of dogs 
wnth air until they appeared anemic Death usually follow^ed m three 
or four days In 3 cases perforated ulcers were revealed at postmortem 
examination All the loops were congested, and most presented areas 
of gangrene on the antimesenteric border His explanation of the patho- 
genesis of these changes \vas that distention produces stasis in circulation, 
which results m thrombosis, ecchymosis, hemorrhagic infiltration of the 
submucosa and ulceration of the mucosa and eventuall} m perforation 
Von Greyerz ascribed the congestion of the bowel to paralysis of the 
vasomotor apparatus, at first intermittent, owmig to peristaltic rushes, 
but later constant 

Many American w^orkers ha^e referred to the obvious disturbance 
of circulation and the consequent impairment of function of the intestine 
as a result of increased mtra-enteric pressure Van Zw'alenburg studied 
the effect of distention on the blood flow through the intestinal w'all 
b) means of an electric bulb wnthin the lumen He noted that at a pres- 
sure of 30 mm of mercury there w'as capillary stasis , at 60 mm , venous 
stasis , at 90 mm , partial arterial arrest, and at 130 mm , complete arrest 
of the circulation Gatch, Trusler and Ayers inserted cannulas into 
the mesenteric veins returning from closed loops and measured the vol- 
ume of flow per minute under experimentally increased mtra-enteric 
pressures They found that for each increase of pressure there was 
a corresponding decrease m blood flow Dragstedt, Lang and Millet 
repeated this experiment, using different levels of the gastro-mtestmal 
tract, and found that the circulation of the duodenum was more pro- 
foundly affected than that of an}'^ other portion of the bow^l That 
there is disturbance of circulation in the distended bow'el w^as confirmed 
recently b)" Jacques and his associates, who made studies of the surface 
temperature of the distended bowel above the site of strangulated 
obstruction and found the temperature to be uniforml}^ decreased 

Van Zw^alenburg attempted to explain the pathologic changes occur- 
ring in cases of intestinal obstruction on the basis of anoxia of the 
tissues of the intestinal w^all According to this wmrker, stasis of blood 
in the w'all of the distended bowH results in a decreased supply of oxygen, 
which affords excellent opportunit'\ for development of infection and its 
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sequelae — gangiene Jicciosis and pcifoiation Thcic can be no doubt 
that at least partial aspb\\ia of the wall occuis McCliue showed that 
the stagnant contents of obstuictod loops foun excellent cultuie medium'^ 
for growth of bactciia Ihe bactena nnade paitiall) asphyxiated tis- 
sues of the intestinal wall with icsulting pathologic changes Dowutev 
showed that \enous stasis is conduene to iinasion In leukocytes This 
would explain the infiltiation of the wall of the bowel with pohmorpho- 
nuclear and inononnclcai cells 

Van Beiiren piescnted a plausible explanation foi the occuiienet 
of pathologic changes in the intestinal wall in cases of obstiuction lie 
obsereed that the chaiactci istic fcatincs of the pathologic pictuie weie 
areas of heinoirhagic intaiction on (he antiinescntciic suiface of the 
intestine and tarting degiecs of neciosis culminating in perforation 
in cases of long-standing lesions His explanation of the infaictmn ot 
the wall of the bowel is based on jHiich mechanical factois W'lth 
distention the si/e of the bowel is inci cased to thiec times the oiigmal 
diameter, which lesults in maiked thinning of the wall and in compres- 
sion and decrease in the si/e of the lumen of the small blood tessels ot 
the wall The \esscls elongate to accommodate the met eased cucum- 
ference. and this furthci reduces the sire of then lumens Owing to the 
increased intracapillai \ piessutc and the pressure from within the 
bowel the smallest \essels at the autimesentci ic bolder uiptuie produc- 
ing heinoirhagic infarcts and subsequent neciosis and peifoiation 

EXPHRI MCNT \L W ORK 

The following experiments weie undertaken to ascertain wdiat ettect 
constant pressures of from 30 to 50 cm of watei fpiesent m cases ot 
obstruction of the large bowel) hate on the intestinal w'all 

Dor 1 — AVith the animal under pentobarbital sodium anesthesia a recta! tube 
"as inserted into the rectum of a dog and secured b\ a purse-string suture about 
the anus Laparotomj >\as then performed, and a purse-string suture was placed 
about the lower part of the ileum The abdomen was closed, and the colon w'as 
inflated through the rectal tube under a constant pressure of 30 cm of water 
maintained for tw'enh-four hours b\ the use of the Perusse bottle The dog was 
then killed At autopsc the colon showed congested areas in the mucosa, small 
petechial hemorrhages in the serosa and interstitial hemorrhage in the muscle 
njers with infiltration of round cells in all the la^ers (fig T A) 

Doo 2 The experiment w'as repeated, this time the colon being subjected to 
^ pressure of SO cm of w'ater After tw'entj-four hours pneumoperitoneum w'as 
present At autopsy marked congestion and areas of hemorrhagic necrosis W'ere 
eti ent, especialh m the cecum and appendix The ileocecal sphincter w'as not 
competent to withstand this sustained pressure, and distention of the ileum had 
resu ted in perforation through an area of hemorrhagic necrosis 

From this study it is evident that a pressure of from 30 to 50 cm 
■o W'ater, if sustained foi a sufficient period, will produce marked patho- 
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logic charges in the intestinal wall, such as are noted in clinical cases 
of obstruction of the large bowel It is concenable that lower pressures 
of from 10 to 20 cm of water, if constantly maintained, could produce 
similar changes over a longer time 

The impoitance of increased mtra-enteric pressure in the develop- 
ment of pathologic changes m the wall of the bowel might be minimized 
foi two reasons First the pressures recorded in cases of experimental 
obstiuction are comparatneh low, and, second, the bow’^el can readily 



Fig 7 — Photomicrographs of tlie wall of the colon (4) of dog 1, subjected 
to a pressure of 30 cm of w'ater for twentj-four hours, showing areas of hemor- 
rhagic infiltration, especially in the musculans and subserosa, and (B) of dog 2, 
subjected to a pressure of 50 cm of water for tw'entj-four hours The areas of 
hemorrhagic infiltration and necrosis throughout all the layers of the wall of the 
bow'el are to be noted The section is taken from the antimesenteric border 

accommodate itself Ijt compensator}' dilatation to slight changes in intra- 
enteric pressure Hoyveyer, that this is not the case is illustiated by 
the tact that a pressure of 10 cm of w'ater, if constantly maintained over 
a sufficient period { tw'ent} -four hours) -will produce areas of hemor- 
rhagic necrosis in closed ileal loops (unpublished thesis for the degree 
of Doctor of Philosophy ) 
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Theie is piobably a difterence between the eftect on the intestinal 
wall of sustained piessuie and that of inteimittent pressure, even if 
the intermittent piessuie is high During noimal peiistaltic lushes theie 
IS no doubt that high pressures obtain, but they do not damage the 
intestinal wall, even though tempoiai> contraction may be sufficient to 
cause anemia, i e blanching of the wall of the bowel, because ample 
oppoi trinity is aftoided the intestinal wall to letnrn to the noimal state 
m the mteival between contractions This interval duimg which the 
wall IS flee fiom piessure is lacking, of couise, when the mtra-entenc 
pressuie is sustained at a definite level Undoubtedly, this holds tiue 
in cases of obstiuction That pathologic changes are not moie often 
seen m the wall of the bowel is due to the ability of the bouel to lelax 
and accommodate itself to inci eased mtia-enteiic piessuie This is 
especially tine m cases of simple obstiuction In cases of the closed 
loop this phenomenon no doubt also occuis but it is evident that at some 
point the sustained mtia-enteiic pressuie must mciease bunging with 
it the possibility of strangulation when a sufficiently high level of con- 
stant pressuie is attained 


MEASUREMENT OF THE INTRA-ENTERIC PRESSURE IN 
CASES OF OBSTRUCTION OF THE LARGE BOWEL 


A gieat many obseivations have been lecoided of the increased intra- 
enteiic pressure m cases of experimental obstiuction of the small intes- 
tine Owings, McIntosh, Stone and Weinbeig have determined 
experimentally that the noimal sustained intia-mtestinal piessure in dogs 
IS from 2 to 4 cm of water In simple obstiuction of tbe ileum they 
found that the sustained pressure was inci eased to S cm of water and 
during activity of the bov\'el it rose to as high as fiom 30 to 60 cm 
(approximately from ten to fifteen times the normal piessure) Bui get 
and his associates, working with closed loops of the jejunum in dogs, 
found pressures varying from 30 to 60 cm of water The aveiage high 
pressuie was 39 5 cm of water (304 mm of mercury) Owings and 
his associates found piessures of as high as 70 cm of water in closed 
loops It is evident that the piessure m closed loops attains higher 
levels in shortei periods than those m cases of obstruction of the simple 
type, 111 which the bowel is afforded a chance to empty itself b} reveised 
peristalsis and regurgitation 


Morton and Sullnan compared pressures in closed loops of the jeju- 
num with those 111 similar loops of the ileum They found that the 
intia-entenc piessure of the jejunal loop was 7 times that which devel- 
oped in ileal loops (52 cm of water as compaied to 8 cm) They 
attiibuted this difterence to the fact that secretion is much more active 
in the jejunum than m the ileum It is concenable that pressure in the 
colon 111 cases of obstruction of its distal half would rise, owing to the 
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fact that its contents aie constantly met eased by fluids and gas from 
the ileum, which cannot be leguigitated because of a competent ileocecal 
sphincter 

Stone and Fiioi obtained a piessuie of 150 cm of water in a case 
of obstiuction of the lower part of the ileum of several hours’ duration 
So far as I can determine, this is the only clinical measuiement of intra- 
intestmal piessure which has been recorded in a case of intestinal obstruc- 
tion in man During the past few yeai s I have had occasion to measure 
the mtia-enteiic pressure in patients with obstiuction of the large bowel 
who have been admitted to the Unnersitj Hospital Measurements of 
pressure weie also made m cases of carcinoma of the large bowel or 
the lectum m which colostomy was pei formed prelimmaiy to resection 
The mti a-entei ic pressuie was deteimined just prior to the release of 
the clamps or to making the colostomy opening Piessures varying from 
10 to SO cm of watei weie obtained 

Mcasui cmeuls oj hiiia-Entcnc Piessuic m Climcal Cases of Obstuictwii of the 

Laic/e Bo'twl 


No 

N-inie 

Diagnosis 

Procedure 

Duration 
of Obstruc 
tion 

Pressure, 
Cm of 
IVater 

1 

Babi B 

Imperforate anus 

Co’o'tomv 

CO lirs 

12 

2 

Babj Br 

Imperfor itc nmi' 

Colostomj 

IS lir= 

10-2G 

3 

B D 

Carcinoma of the rectum 

Colostoiiij 

CO lirs 

12 

4 

A S 

Carcinoma of the rectum 

Colostomj 

72 hrs 

18 

5 

E G 

Carcinoma of the rectum 

Colostomj 

104 hrs 

12-16 

0 

E C 

Carcinoma of the rectum 

Colostomj 

80 hrs 

13 

7 

C A 

Circinoma of the sigmo cl 
flexure and acute obstruc 

Cccostomj 

S dnjs 

23-20 



tion 




8 

4 H 

Carcinoma of the sigmoid 
flexure nith obstruction 

Cecostomj 

? 

35 

9 

J C 

Carcinoma of the ascend 
ing colon nith obstruction 

Cccostomj 

4 dajs 

24 

10 

T W 

Caremomn of the rectum 
iTith obstruction 

Colostomj 

3 dal’s 

15 

11 

H J 

Carcinoma of the sigmoid 
flexure with obstruction 

CecostoniT 

3 dal’s 

52 

12 

A G 

Carcinoma of the sigmoid 
flexure with obstruction 

Cecostomv 

3 dajs 

12 


Six of the deteiminations of piessure noted in the table were made 
m cases of acute obstruction of the large bowel In 4 cases obstiuction 
was due to caicmoma of the sigmoid flexure, m 1, to caicinoma of the 
ascending colon, and m 1, to caicmoma of the rectum The pressures 
were measured at the time of operation In 4 instances of carcinoma of 
the rectum among the remaining cases colostomy was earned out as a 
proceduie preliminary to resection The colostomy opening was made 
only after definite clinical signs of obstruction (distention and colicky 
pain) became evident In some of these cases roentgen examination 
prehminarj to opening the bowel reiealed onh distention of the large 
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bowel It was noted that in the cases in which nasal suction was insti- 
tuted after operation the patients were inoie comfoi table and weie able 
to tolerate the obstiuction for a somewhat longer period However, in 
spite of suction definite distention of the large bowel developed in all 
the cases, owing no doubt to the fact that gas and chyme could pass 
into the cecum but could not be sucked out because of the competency 
of the ileocecal sphincter In 2 cases colostomy was perfoimed for the 
correction of imperforate anus in a child The mtia-enteric pressure was 
measured when signs of obstruction necessitated making the colostomy 
opening 

It IS to be noted that all these piessures are well below that employed 
by the i oentgenologist to force the ileocecal valve The)'^ repiesent the 
level of sustained pressure nithin the bowel No doubt, higher pies- 
suies would be lecorded during penstaltic lUshes It is regrettable that 
no determinations of pressure weie made m the case of gangiene of the 
cecum which is recorded as the first in this series 

COMMENT 

It has been shown that the ileocecal sphincter is competent to with- 
stand pressuies within physiologic limits (pressures of from 10 to 50 cm 
of water) which conceivably might occui in the couise of obstruction of 
the large bowel A competent ileocecal sphincter at once converts a 
simple type of obstruction into a closed loop with all the inherent dangers 
of sti angulation due to increased intia-enteric pressure Experimental!)'’, 
the effect of such sustained pressures is shown by the development of 
areas of hemorrhagic necrosis m the colon of dogs That similar changes 
occur in the human colon is evident from a perusal of the literature 
cited and from the reports of cases in this paper 

The teim “ileocecal valve” is a misnomer, the organ is moie lightly 
called the ileocecal sphincter It is subject to definite neivous contiol, 
and Its competency depends on the tonicity of the fibers of the sphincter 
That the tone of the sphincter is increased by stimulation of the sympa- 
thetic neives is confirmed by the expeiiments in this study Also, it 
has been shown that stimulation of the distal part of the colon increased 
the lesistance of the sphincter to back pressure to approximately three 
times that of the normal sphincter Stimulation of the parietal peri- 
toneum, the stomach or the small bowel had no such effect It is con- 
ceivable that the resistance of the ileocecal sphincter to back pressure is 
greatly increased m cases of intrinsic pathologic conditions of the colon 
Stimulation of the distal portion of the colon, acting through Auerbach’s 

plexus increases the tone of the ileocecal sphincter, making it more 
competent 
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Several important clinical observations present themselves with 
relation to a competent ileocecal sphincter m cases of obstruction of the 
laige bowel 

1 Vomiting IS a late s}mptom m cases of obstruction of the large 
bowel The competent ileocecal valve allows material to pass into the 
colon but none to be leguigitated into the small bowel and stomach 
Pam, distention and obstipation may be present for sereral days before 
the onset of vomiting Vomiting may then be due to reflexes set up b} 
-distention of the colon (distention of any hollow mscus may produce 
vomiting) It IS Intel estmg to note that in the cases cited aspiration of 
the stomach resulted m the leturn of only a few^ cubic centimeteis, m 
■spite of the fact that these cases represented late stages of obstiuction 

2 Nasal suction as a method of decompiession is of little value m 
the treatment of acute obstiuction of the large bow^el wnth considerable 
distention 

In instances of obstruction of the colon on the left side m wdiich the 
distention has not been great, the employment of nasal suction will 
frequently permit one to attack the obstruction directly after subsidence 
of the obstructive featuies The virtue of decompiession by the 
duodenal tube m these cases lies essentially m the fact that aspiration of 
sw^allowed air and fluid from the upper portion of the intestinal canal 
and stomach prevents mciease m the distention As already noted, w'hen 
the method is employed m this manner m cases of postoperative obstruc- 
tion the appearance of obstructive symptoms and distention w'as delayed, 
allowing one to defer making the colostomy opening for several days 

3 A single roentgenogram of the abdomen of a patient wnth clinical 
intestinal obstruction should difiterentiate betw^een obstiuction of the 
small bow’^el and that of the large Roentgenographic findings of a 
maikedly distended colon and dilatation of the cecum wnth no visible 
loops of small bowel should clinch the diagnosis of obstruction of the 
sigmoid flexure Roentgenography is the only accurate method of 
determining the degree of distention and the segment of bowel involved 

4 All acute obstructions of the large bow'el exhibiting considerable 
distention should be treated as obstructions of the closed loop type 
with potential strangulation, by means of opeiative decompression 
(cecostomy) Simple mechanical obstruction of the small bowel has 
been treated successfully at the University Hospital by decompression 
by means of nasal suction (Wangensteen) This method, of course, is 
impossible in cases of the variety found in the large bow'el, ownng to 
the presence of a competent ileocecal sphincter Adequate decompres- 
sion by cecostomy should be carried out m cases of great distention to 
prevent, if possible, the complications resulting from continuous 
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inci eased inti a-entei ic piessuie, i e, gangrene and perforation of the 
intestinal wall Patients who present only partial or low grade obstiuc- 
tion of the colon can be prepared for operation by medical management, 
and further distentron of the colon can be prevented by the use of 
siphonage by nasal suction 

CONCLUSIONS 

The ileocecal sphincter is competent to withstand model ate inci eases 
of mtra-enteiic piessure, such as occur m cases of obstruction of the 
large bowel 

Obstruction of the colon with considerable distention is of the closed 
loop type, because the presence of a competent ileocecal sphincter eftec- 
tually prevents regurgitation into the ileum 

The intia-enteric pressure which obtains in cases of obstruction of 
the large bowel has been measured in cluneal cases and has been found 
to vary from 10 to 50 cm of water 

When the colon of the dog is exposed to a constant pressure of 
from 30 to 50 cm of vater for a sufficient period (twenty-four hours) 
areas of gangrene and hemorrhagic necrosis appear in the wall of the 
bowel 

The clinical cases cited illustrate some of the aforementioned facts 
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MARCH FOOT ASSOCIATED WITH UNDESCRIBED 
CHANGES OF THE INTERNAL CUNEIFORM 
AND METATARSAL BONES 


I H MASERITZ, MD 

BALTIMORE 


For many yeais march foot was closely linked with the soldier, and 
the earhei literature was derived, almost in its entirety, from cases 
which had been seen in the ranks of the German and French armies 
It IS by no means a condition confined entiiely to the soldier, but one 
that IS seen less frequently in civilian life For some years comparatively 
little attention was given to the subject, almost nothing was written, 
and It literally passed into obscurity It is not surprising that many 
phj'sicians todaj' possess little or no knowledge of the condition, and it 
is more than likely that numerous cases have escaped recognition In 
recent years Jansen ^ and others have again brought this subject to light 
Undoubtedly interest has been stimulated, and much more should now 
be added to the chapter on marching fractures 

The primal y purpose of this paper is to deal with several unde- 
scribed changes in march foot, but I feel that in conjunction with this 
a thorough discussion of the subject will not be out of place 

Breithaupt - described a swelling of the feet that commonly occurred 
in soldiers after a long march He named this condition Ftissgeschwnlst 
and attributed it to an inflammation of the tendon sheaths W eisbach ® 
did not agree with the explanation of Breithaupt but felt that the changes 
lesponsible were those of an inflammation involving the ligaments and 
therefore applied the term syndesmitis metatarsea Pauzat * described 
the condition as an edematous swelling of the feet, apparent on the 
dorsal and plantar aspects, and consisting of two stages, the first a 
simple soft tissue swelling and the second a periosteal proliferation He 
fuither wrote that the second, third and fourth metatarsal bones were 


rrom the Department of Orthopedic Surgery, Unuersity of Maryland Medical 
School, and Merc> Hospital 

r-. ^ Fussgeschwulst und Ihre Ursache, Ztschr f orthop 

Chir 35 8, 1916 March Foot, T Bone 6L Joint Surg 8 262 (April) 1926 

, Patliologie des menschhchen Fusses, Med -Ztg 24 169 

and 1/3, ISsS “ 

3 We.sbach D.e sogenannte Fussgeschiiulst (Sindesm.tis metatarsea) des 
Infantcnsten Deutsche mil -arztl Ztschr 6 551, 1877 

des nmc!rs’"\Jch^ '^^teophstique des metatarsiens a la suite 

oc nnrciic •Xrch de med et pharm mil 10 337 1887 
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found to be tendei and were the only bones that ever displayed changes 
He considered these changes to be the lesult of an osteoplastic periostitis 
Poulet® viewed the condition as a rheumatic osteoperiostitis Mai tin® 
reported three types, one which was a simple periostitis, a second m 
which tendonitis alone existed, and a third that was described as a 
periostitis complicating mediotarsal arthritis Busquet," on the othei 
hand, thought that there were three distinct groups of Fussgeschzvulst 
(1) a direct peiiostitis, (2) an indirect periostitis and (3) a diathetic 
periostitis 

With the advent of the x-ray, Stechow ® described the first cases of 
march foot that were studied roentgenologically He demonstrated that 
march foot not only showed involvement of the periosteum but very 
frequently fiactures, and he presented 34 cases with a single and 1 case 
with a double fracture The frequency of involvement was as follows 
first metataisal bone, left foot, 0, and right foot, 0, second, left foot, 1 
and right foot, 0, third, left foot, 11, and right foot, 8, fourth, left 
foot, 8, and right foot, 6 , fifth. left foot, 0, and right foot, 0 

Schulte ° reported 53 cases of Fnssgesclnvulst, which involved the 
second metatarsal bone in 33 instances, the third in 18 and the fourth 
in 2 The first and fifth metatarsal bones were never involved, and he 
considered each case one of fracture One of his descriptions of a 
soldiei with march foot gives the charactei istic clinical picture The 
soldier, after a long maich, returned to camp complaining of a burning 
sensation in the midportion of his right foot On the following morning, 
m spite of the fact that his foot had become swollen, he undertook an 
hour’s march The pain and swelling increased Schulte mentioned 
that there was a distinct point of maximum tenderness over the proximal 
half of the second metatarsal bone with no tendei ness ovei the first and 
fifth metatarsal bones Twenty days later he was able to feel a fiim 
lump m the area corresponding to the previous point of maximum 
tenderness, and the mass, by x-ray film proved to be bony callus and 
a fracture As to cause, Schulte mentioned that m jumping, running, 

5 Poulet, A De I’osteopenostite rhumatismale des metatarsiens. Arch de 
med et pharm mil 12 245, 1888 

6 Martin, A Inflammation penosto-arthritique du pied a la suite des marches, 
Arch de med et pharm mil 18 336, 1891 

7 Busquet, P De I’osteoperiostite rhumatismale des metatarsiens. Rev de 
chir Pans 17 1065, 1897 

8 Stechow Fussodem und Roentgenstrahien, Deutsche mil -arztl Ztscnr , 
26 465, 1897 , Fussodem und Roentgenstrahien, Internal Cong f Hyg S. Deracgr 
8 99, 1898 

9 Schulte Die sogenannte Fussgeschwulst, Arch f kim Chir 55 872 

1897 



MASERITZ— MARCH FOOT 


51 


long maiches oi even walking while on nonactive duty the men would 
expel lence sudden attacks of pain and piesent typical march foot 

Kiichnei repoited a total of 82 cases, among which those involving 
the second and third metatarsal bones made up by far the laigest 
percentage He mentioned that the condition was common m civilian 
life, and his senes included bakers, painters, laboreis and soldiers He 
further mentioned that each case was one of fracture and that trauma 
was the diiect predisposing factor The site of involvement was given 
as follows second metatarsal bone, 40 cases, third, 31, fourth, 1, 
fifth, 1 , second and third, 4 , third and fourth, 5 

Thiele, on the other hand, with a total of 33 cases, leported frac- 
tures in onlv 14 instances, but stated that periostitis was present m 
all, and that ciepitation was elicited m 7 and abnormal mobility m 5 
Periosteal proliferation could be detected m each case after a period 
of from eight to ten days 

Blechei added reports of 78 cases to the literature He was the 
first to make mention of recurrences m old fractuies and reported 
5 cases in which fresh fractures occurred in old healed ones a second, 
and 111 2 cases a third, time Definite fractures were observed in 
30 cases, periostitis alone in 29 and no changes in 19 As to etiolog)^ 
he felt that two factors were present (1) an overburdening of soldiers, 
causing an undue strain on the metatarsal bones, and (2) a direct 
mechanical force causing the fracture 

Meiser offered a point ot some significance in stating that a frac- 
ture, although present in every t 3 'pical case of march foot, could be 
demonstrated in only one third of the instances Another was his theor}'' 
of the etiology of march foot He wrote that an elongated metatarsal 
bone is the probable cause of a weak foot, and that the weakness of the 
foot IS proportional to the elongation of the metatarsal bone (Dodd 
in a more recent article considers the short first metatarsal bone as an 
outstanding factor in the cause of march foot ) 


10 Kirchner, A Ueber das Wesen der sogenannten Fussgeschwulst, Wies- 
baden, J F Berginann, 1898, Die Fussgeschwulst, Deutsche mil -ar 7 tl Ztschr 
28 79 1899 Die Aetiologie der mdirekten Metatarsalfraktur, Arch f khn Chir 
77 241 1905 

11 Thiele Ueber Frakturen der Metatarcalknochen durcli indirekte Gcwalt 

(Fussgesclwulst), Deutsche med Wchnschr 25 158, 1899, Weiterer Beitrag nach 
1900^’''''^ Fussgeschwulst, Deutsche mil -atztl Ztschr 29 129, 


12 Blecher Fussgeschwulst, Knochenbruch und 
Deutsche mil-arztl Ztschr 31 321 1902, Eutstehuiw 
32 3 1903 


Knochenhautentzundung, 
der Fussgeschwulst, ibid 


lo Muser Die Bruche der Mittelfussknochen als Ursache der Fuss- oder 
Marschgeschwiilst Fortschr a d Geb d Rontgenstrahlen 4 105, 1901 

14 Dodd H Picd Foiirceor March Foot, Brit T Surg 21 131 (Juh ) 1933 
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In direct contrast to Meiser, Thahvitzer was a supporter of tlie 
theory that inarch foot is caused by periostitis -and felt that fractures 
were present only when deinonstiable 

Eyles’ dissertation conforms more to the general than to some of 
the individual concepts of march foot He oftered one or more of the 
following points as positive findings m a typical case (1) a definite 
area of callus, (2) a complete fiacture without displacement, (3) a 
complete fracture with displacement, (4) an incomplete fracture and 
(5) periosteal thickening of the shaft of one or more bones 

In his experience the second and third metatarsal bones vere most 
commonly involved and usually m the distal third 

Tobold offered 1,500 cases with details of statistical value 
Changes were found m 67 3 per cent of all cases Fractures occurred 
in 49 7 per cent and periostitis m 119 per cent Old fractures were 
found in 5 7 per cent and no fractures in 32 7 per cent of the cases 
The metataisal bones were the seat of involvement m the following 
percentages second left, 13 2, second right, 10 8, third left 10 3, thud 
right, 8 7 

Nion also contributed statistics of value In a series of 575 cases 
which he examined at the Roentgen Institute, he found changes in 330 
The left foot was involved in 118 instances, the right, in 115 (including 
double changes) Fractures were seen in the metatarsal bones in 228 
cases as follows in the second metatarsal bone in 112, in the third 
in 98, in the fourth in 17, m the first m 1 

Runstrom m an article on fiesh subperiosteal hemorihage in frac- 
tures of the metatarsal bones brought to light some inteiesting and 
important facts To quote him verbatim 

M> material at the Militar\ Hospital comprises parth injuries after definite 
traumas — direct and indirect — and partl> “marching injuries" without trauma 
I have duuded the material into three groups according to the roentgeno- 
logic observations 

Group I Fourteen cases show a fracture or a fine fissure without dislocation 
and a thin spindle-shaped deposit Two of these cases have occurred after a 
definite trauma and have been examined bv means of the roentgen rajs on the 
fourth and sixth dajs Of the tvvelv^e remaining cases eight have been examined 
on the second to the fourth daj and the rest on the sixth to the eighth dav after 
the trauma 

15 Thalvv itzer Zur Aetiologie der Fussgeschvvulst, Deutsche mil -arztl Ztschr 
31 435, 1902 

16 Ejles, F Die Harschfraktur Munchen med Wchnschr 62 1703, 191S 

17 Tobold Zur Kasuistik der Mittelfussknochenbruche, Deutsche mil-arztl 
Ztschr 32 573, 1903 

18 Nion Zur Statistik der Mittelfussknochenbruche, Deutsche mil -arztl 
Ztschr 32 200, 1903 

19 Runstrom, Gosta Roentgen Picture of Fresh Subperiosteal Hemorrhages 
in Fractures of the iletatarsals, Acta radiol 3 42, 1924 
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Group 2 Twelve cases show a thin spindle-shaped deposit but no absolutely 
provable fracture Three of them have occurred after a definite trauma and have 
been examined on the first, fifth and seventh dajs Of the “marching injuries” 
SIX have been examined on the third to the sixth day and the other ones on the 
seventh to the eighth daj 

Group 3 Nineteen cases show fractures with distinct dislocation but no spindle- 
shaped deposit Six of these have occurred after a definite trauma and hare been 
examined on the first to the fifth daj Of the “marching injuries,” tw'ehe have 
been examined on the first to the fifth day, and one on the eighth day 


He concluded that a fracture is piesent m every instance and that the 
spindle-shaped deposit is merely subperiosteal hemorrhage, rvhich cannot 
be present, and is not present, in group 3, in which dislocation of the 
fragments has occurred 

fansen in 1916. and again m 1926, offered a more radical concept 
of the etiologi’^ of march foot He felt that march foot is a complication 
of a subacute weakness of the foot and that the mterosseus muscle plays 
an important role in bringing about bone changes He emphasized the 
origin of the interossei, showing that they arise on the sides of the 
metatarsal shafts with the exception of the first bone and the lateral 
aspect of the fifth bone He stated further that the spasm of the muscle 
bellies gives rise to an edema and hypertiophy of the muscle tissues and 
periosteum At times an acute subperiosteal hemorrhage is formed 
The periosteal changes are never on the outer bolder of the fifth or 
either border of the first metatarsal bones, only because the muscle 
does not have any of its origin in these areas The bone, possessing no 
expansibility, becomes partly absorbed, brittle and more susceptible to 
fracture 

Dodd questioned Jansen’s theory of vascular disturbances and bone 
absorption and felt that the various changes as suggested by different 
authors — ^namely, tenosynovitis, spasm of muscles, arthritis, periostitis, 
svnovitis — are merely manifestations of the weak foot He emphasized 
the four points of Morton which are commonly seen in weak feet and 
offeied a study of 14 cases which corroborated his theory 
Moi ton s points as given by Dodd are 


axitj of the joint between the internal cuneiform bones and between them 
and the scaphoid, resulting in h\ permobihtj of the first metatarsal This is shown 
1 a istinct separation between the first and second cuneiforms, resembling a 
oackw’ard continuation of the first intermetatarsal space 

2 Shortness of the first metatarsal, this causing o\er-pronation of the foot, 
I c , planus of the anterior part of the foot, as the head of the metatarsal is not 
mug enough to reach the ground m the normal attitude 


3 Postenorh located sesamoid bones at the head of the first metatarsal these 
representing its point of contact with the ground, and when thej are posterior 
o ic hne of the head ot the second metatarsal, ther hare practicalh the same 
utect as that of a short metatarsal, i e, ther present adequate weight-hearing 
b\ the first metatarsal ^ ^ 
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4 Morton points out a further acquired ph\ siological characteristic resulting 
ironi these defects, it is an enlargement of the shaft of the second metatarsal 
bone, especially in its transverse diameter, arising in response to the increased 
burden thrown on it bv the incompetent first metatarsal 

Dodd added a fifth factor in march foot, a thickening of the outer 
border of the fiist metatarsal bone, a finding in direct contrast to that 
of Jansen, who stated that periosteal piohferation is never present m 
this metatarsal bone Dodd, as did previous writers, stated that the 



Fig I — Left foot, anterior-posterior \iew, on Aug 29, 1934, showing a recent 
fracture at the base of the fifth metatarsal bone and an old fracture m the proximal 
fourth of the second metatarsal shaft (indicated bj arrows) On the medial aspect 
of the middle third of the third metatarsal bone periosteal thickening niaj be seen 
The internal cuneiform bone presents slight lipping (Note that the heads and 
necks of the metatarsal bones are normal ) 

first metatarsal bone, being thicker and stronger than the remaining 
ones, IS forced to bear the greater brunt of the body’s weight, but that 
follotving a relaxation of ligaments the second, then the third and 
lemaining metatarsal bones take on the strain but because of size are 
unable to sustain the force and fracture 




MASERITZ— MARCH ROOT 


55 


PAIIIOLOGY or MARCH FOOT 

Dodd lepoited a case in which a Lisfiaiic amputation was performed 
because of a mistaken pieoperative diagnosis of saicoma The case 
pioved to be one of inaich foot The pathologic specimen was repoited 
to show iaief)ing osteitis of the inetataisal bone associated with chionic 
mfiammatoiy peiiostitis 

Strauss-^ reported a case of march foot that was preopeiativel) 
diagnosed as neoplasm and, because of this, the entiie metatarsal bone 



Fig 2 — The same foot as in figure 1, lateral view 

was removed Pathologically the condition was found to be “a fracture 
of the shaft of the bone with incomplete repair, small hemoirhage and 
exuberant callus ” 

20 Deutschlancler (Ueber entzundlichc Mittelfussgeschwulste, Arch f klin 
Chir 118 530, 1921) considered march foot to be an inflammatory periostitis 

21 Straus, F H Marching Fractures of Metatarsal Bones with a Report of 
the PathologA, Surg, G>nec R Obst 51 581 (March) 1932 
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Each remaining author has added to the long list of contributions 
to the knowledge of march foot, some by leports of cases, others by 
presentations of theory, and still others by articles of general discussion 
Theories are numerous and probable causes many Details were 
abstracted only when considered to be of some significance Finer 
points, however, were very often lacking At the close of this biblio- 
graphic abstract one important point should be emphasized, namely, that 
of the usual site of fracture or involvement in march foot The 
proximal, middle and distal thirds were the only areas of bony changes 
suggestive of fracture, and these were usually in the middle and 
proximal thirds, never in the heads or bases of the bones The tarsal 
bones, too, never showed any changes whereas the phalanges suggestively 
did m several instances 

22 Bahr, F Die Fussgeschwulst und ihre Beziehungcn zum %orderen Fron- 

talgewolbe, Ztschr f Orthop Chir 32 310, 1913 Beel>, F Zur Mechanik des 
Stehens Ueber die Bedeutung des Fussgewolbes, Arch f klin Chir 27 457, 
1882 Boisson, A , and Chapotot, E Le pied force Etude sur la nature et la 
pathogenie des lesions de I’avant-pied provoquees par la marche, Arch de med 
et pharm mil 33 81, 1899 Goldman, S E March Foot with Fracture of 
Metatarsal Bone, J Bone &. Joint Surg 10 228 (April) 1928 Hamann, H 
Ueber subcutane Fracturen der Metacarpal- und Metatarsalknochen mit besonderer 
Berucksichtigung des sogenannten militarischen Fussodems, Dissert , Greifswald, 
J Abel, 1902 de Holstein, V Les fractures des metatarsiens, provoquees par 
la marche, Semaine med 19 187, 1899 Marey and Demen^ Locomotion 
humaine, mecanisme du saut, Compt rend Acad d sc 101 489, 1885 Messerer, 
O Ueber die Elasticitat und Festigkeit der menschlichen Knochen, Stuttgart, 
J G Cotta, 1880 von Meyer, G H Die Statik und Mechanik des menschlichen 
Knochengerustes, Leipzig, Wilhelm Engelmann, 1873 , Statik und Mechanik des 
menschlichen Fusses, Jena, Gustav Fischer, 1886 klomburg Die Entstehungsur- 
sache der Fussgeschwulst, Deutsche Ztschr f Chir 73 425, 1904 Monteith, 
W B R Case of March Foot (Pied Force) with Signs of Old and Recent 

Injury, Bnt J Surg 21 708 (April) 1934 Muskat, Gustav Die Bruche der 
Mittelfussknochen m ihrer Bedeutung fur die Lehre von der Statik des Fusses, 
Samml klm Vortr nF October 1899, no 258 (Chir, no 76), p 1387 Nanoury, 
O De la fracture du metatarse chez les jeunes soldats, Re^ d’orthop 9 349, 
1898 Nasse and Borchardt, in ron Bergmann, E , von Bruns, P, and Mikulicz, 
J Handbuch der praktischen Clururgie, ed 3, Stuttgart, Ferdinand Enke, 1907, 
p 947 Nimier, H De I’entorse metatarsienne chez les fantassins. Arch de med 
et de pharm mil 21 61, 1893 Pine, A H Marching Fractures, Lancet 2 47 
(July 14) 1917 Rittershausen Zur Frage der Fussgeschwulst, Deutsche mil - 
arztl Ztschr 28 18, 1899 Schipmann, G Zur Kasuistik der Bruche der Meta- 
tarsalknochen, Deutsche med Wchnschr 25 319, 1899 Sleeswijk, R Warum 
kommt die Fussgeschwulst beim Mihtar am meisten \or> Deutsche mil -arztl 
Ztschr 29 552, 1900 Speed, J S , and Blake, T H March Foot J Bone & 
Joint Surg 15 372 (April) 1933 Tiedemann, E Ueber die Haufigkeit und das 
Wesen der Fussgeschwulst, Dissert, Berlin, O Francke, 1904 Trnka Die sub- 
cutanen Frakturen der kletatarsalknochen, Wien med Wchnschr 49 1879, 1899 

23 Dodd interpretated phalangeal changes as those consisting of thickenings 
and fracture 
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Retrospective!) it ma) be stated that maich foot is a complication of 
the “strained ’ foot, chaiacteiized usually by a sudden onset of pain and 
swelling on the doisum and, to some degiee, on the plantai aspect ot 
the middle pait and foiepait of the foot Clinically theie is presented 
a tenderness over the shafts of one oi more metataisal bones and com- 
monlv at the junction of the middle and distal thuds of the second and 



Fig 3 — The anterior-posterior and lateral views of the left foot taken on 
Nov 30, 1934 There are fractures of the head of the second and neck of the third 
metatarsal bone (indicated by arrows) The internal cuneiform bone is fragmented 
m part (arrows) The fracture at the base of the fifth metatarsal bone is almost 
completely healed (Note the unusual amount of callus m the neck of the third 
metatarsal bone ) 


third metataisal bones, rarely over the fiist oi fifth An x-iay picture, 
when taken immediately, frequently reveals no change but ma) present 
a fiacture Peiiostitis, with or without fracture, is often encountered at 
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an earl} date, but then, in all likelihood, the callus is of longer duration 
unless the eaily shado^^, as Runstrom mentioned, is that of a sub- 
periosteal hemonhage Peiiosteal changes are more commonly seen 
after ten days and fractures some weeks later The latter, though, do 
not always make their appearance Also, peiiosteal thickening on one 
01 the other side of the shaft is often found associated with march foot 



Fig 4 — Magnification to show fragmentation of the internal cuneiform bone as 
indicated in figure 3 

The etiology is still debatable Periostitis and fracture are positive 
findings but can be considered only as the end-results of march foot 
The purpose of this paper is to describe changes in a case of march 
foot for which I can find no description in the hteiature These changes, 
111 addition to the usual findings, consisted of ( 1 ) fragmentation of the 
internal cuneiform bone, ( 2 ) fracture of the head of a metatarsal bone 
and ( 3 ) fracture of the base of a metatarsal bone 
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REPORT or CASE 

Htst 0 iv~l A, a white man, 39 years of age, came to me complaining of pam 
and sw'elhng of the left foot On Sept 19, 1934, ten days prior to e\ammation, 
he experienced a sudden attack of pam m the arch of his left foot Because of 
this pain he found it difticult to w-alk but continued to do so until he found it almost 
impossible to “carr\ on ” For a month or so prior to this acute attack he had 
experienced a tiredness which was more marked toward the end of the day or 
w’hen he began to wnlk, espectalh after resting There w'as a historv of mild 
infection of the left big toe about the second w’cek of August, but this cleared 
up rapidh, gning him no “trouble” He gave no history of a preiious attack 
similar to this or of any iinohement of other bones or joints The remainder 
of his and of the family history W'as not releiant 



Fig 5 — Magnification to show fractures of the head of the second and neck 
of the third metatarsal bone as indicated m figure 3 


Examination — The left foot reiealed a soft tissue sw^elfing which extended 
from the toes to below' the ankle joint The edema pitted only slightly to firm 
touch The toes and the heads of the metatarsal bones w'ere not sensitive to 
pressure Marked tenderness w'as present over the fifth metatarsal bone w'hile 
the remaining shaft and the other metatarsal bones w'ere free from symptoms 
There was no abnormal mobility or crepitation Motions of the toes w'ere not 
restricted or painful Inversion of the fore part of the foot w'as markedly limited 
and resulted in pam over the base of the fifth metatarsal bone The heel w'as 
eierted and adduction of the heel almost completely limited Flexion and extension 
of the ankle joint w’ere normal The tendons of the anterior and posterior tibial 
muscles nere tender at the points of their insertions The tibia! and fibulae 
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shafts were not tender The remaining examination of both lower extremities, 
including the right foot, the hips, the knee and right ankle joints, gave essentially 
negative results Examination of the spine and upper extremities also gave 
negative results 

Roentgenographic examination of the left foot (figs 1 and 2) on September 29 
showed a recent transv'erse fracture of the base of the fifth metatarsal bone with 
comminution of the proximal fragment There was an old healed fracture in the 
proximal fourth of the second metatarsal shaft with some periosteal proliferation 



Fig 6 — Right foot on Nov^ 30, 1934 The medial aspect of the middle third 
of the third metatarsal bone presents some periosteal thickening 


A localized area of periostitis was seen on the mesial side of the middle third of 
the third metatarsal bone There was some sharpness of part of the internal 
cuneiform bone A small gouged out area was present on the lateral aspect 
of the first metatarsal head and a similar area, on the posterior articular border 
of the tibia A spur projected from the inferior border of the os calcis 

The observ ations on the blood were as follows hemoglobin, 14 6 Gm , or 
86 per cent, red blood cells, 5,080,000, white blood cells, 7,850, polv morphonuclears, 
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60 per cent, small hmplioc\tes, 22 per cent, large iymphocj tes, 4 per cent, 
mononuclears, 9 per cent , eosinophils, 1 per cent , bleeding time, eight and one-half 
minutes, coagulation time, fire and one-half minutes, blood calcium, 104 mg , 
blood phosphorus, 2 6 mg , Wasscrmann and Kolmer reactions, negative 

Diagnosis — The diagnosis was march foot 

Ticatmcnt and Clinical Com jc— -The foot and ankle were iminobihred with 
adhesne strapping, and bearing of weight was not permitted This treatment 
was later follow’cd b\ baking and b\ gentle and then more vigorous massage, 
aiming particularh at the spasticitr of the muscles The condition improved 



Fig 7 — Left foot, anterior-posterior and lateral view’s, on Dec 27, 1934 There 
IS further evidence of fracture of the head of the second metatarsal bone with a 
suggestive V formation at the neck The base of the fifth metatarsal bone and 
the neck of the third metatarsal bone show further evidence of healing 


gradually under treatment, and the patient began to walk with the aid of arch 
supports On November 30, he complained of some discomfort in the fore part 
0 the foot Examination revealed distinct areas of thickening with some tender- 
second and third metatarsal heads, immediately behind the metatarso- 
P a angeal joints There w'as no gross sw’elhng of the toes or foot Abduction 
o tie heel w’as now’ only shghtlv limited, but inversion of the fore part of the 
oot was markedh limited, w’hile motions of the toes w’ere free X-raj films 
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taken of both feet (figs 3 to 6) revealed a healing fracture at the neck of the 
third metatarsal bone of the left foot with some medial displacement of the 
distal fragment and exuberant formation of callus Another startling finding 
was the fragmentation of the internal cuneiform bone with some iiregularitj 
of part of the articular surface of the scaphoid The distal half of the second 
metatarsal bone showed periosteal proliferation and a fracture of the head 
beginning m the lateral aspect, running transversely across immediately distal 


“t 



Fig 8 — Left foot, anterior-posterior and lateral vnews, on Jan 30, 1935 There 
is further evidence of healing at the base of the fifth metatarsal bone, neck of the 
third and head of the second The internal cuneiform bone shows greater evidence 
of fragmentation, and sev'eral fragments of bone can be more clearly seen on the 
lateral view 

to the articular surface and passing into the neck The old fracture at the base of 
the fifth metatarsal bone showed healing and a faint line of periosteal prolifera- 
tion The head of the fourth metatarsal bone show ed a suspicious line of fracture 
The right foot showed a slight thickening on the medial aspect of the middle 
third of the third metatarsal shaft 
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The metitarsal arch was raised, and the patient showed further improvement 
Physical therapy was continued 

On December 27 , ewunation of the left foot showed further improvement 
The tenderness over the heads of the second and third metatarsal bone had dis- 
appeared, adduction of the heel was fairh free, but pronation of the fore part 
of the foot was still limited An x-ray film was again taken of the left foot 
(fig 7) There was ewdence of further healing at the base of the fifth and 
neck of the third metatarsal bone The head of the second metatarsal bone 
showed further evidence of a fracture, and there was also a suspicious V formation 
at the neck 



Fig 9 —Right foot, anterior-posterior and lateral views, on Jan 30, 1935 There 
are no changes o\er those found at the first examination 


The patient was reexamined on Jan 30, 1935 He was free from pain and no 
longer complained of tiredness Adduction of the heel and pronation of the 
fore part of the foot were free There were no areas of tenderness Roentgen 
examination of the left foot (fig 8) showed further healing at the base of the 
fifth, neck of the third and head of the second metatarsal bone The internal 
cuneiform bone ga\e greater eiidence of fragmentation, and sereral fragments 
of bone could be more clear!> seen on the lateral Mew The x-ra^ film of the 
right foot (fig 9) offered no changes o^er those obserted at the preuous exam- 
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The changes presented by this unusual case eiupliasi7e the possibility 
that fiagihty of bone ma} play an impoitant role in the fractures of 
march foot It is not likely that similar changes had not occmied in the 
thousands of cases that pieceded this one, in all probability some of 
the eaihei obseivers ovei looked them Of still fuither interest is the 
fact that these changes partty substantiate the etiologic theories of some 
and deny those of otheis, and one maj conclude that more serious 
thought and consideration should be given to the possibility of calcium 
disturbances in the bone proper 

SUMMARY 

A case of march foot with several undesciibed bone changes is 
presented These changes uere (1) fragmentation of the internal 
cuneiform bone, (2) a fiactuie of the head of the second metatarsal 
bone and (3) a fractuie of the base of the fifth metatarsal bone 

2309 Eutaw Place 



ACUTE APPENDICITIS AND ASSOCIATED LESIONS 

SOME OBSERVATIONS ON THE MORTALITY 
RUDOLPH N SCHULLINGER, MD 

NEW "iORK 

In the study of acute appendicitis for the eighteen year period 
between Jan 1, 1916 and Jan 1. 1934, at the Presbyteuan Hospital in 
New York, it was discovered that a considerable number of the case 
records were classified under improper subgroups In order to procure 
accurate information on the total mortality rate, as well as that of the 
individual subgroups, it was necessary to examine the history on ever} 
case record which had been filed under the following classifications 
acute appendicitis, acute appendicitis with acute local peritonitis, acute 
appendicitis with peritoneal abscess, acute appendicitis with acute diffuse 
peritonitis and acute appendicitis with progressive fibrinopurulent peri- 
tonitis Therefore, by careful search of these records, it was possible to 
present the facts which constitute this papei 

Numerous discrepancies were found between the final diagnosis listed 
on the record cards and the operator’s description of the pathologic 
process or the final note Such a disci epancy was often strengthened 
by the clinical symptoms and signs as noted by the house surgeon or 
by the attending surgeon For instance, there were many charts on 
which a final diagnosis of acute appendicitis was recorded which 
obviously belonged to the group filed under acute appendicitis with 
acute local peritonitis There were numerous case records filed under 
acute appendicitis with acute local peritonitis which on careful examina- 
tion indicated that they should have been placed elsew here either under 
acute appendicitis or acute appendicitis with acute diffuse peritonitis or 
even under acute appendicitis i\ ith peritoneal abscess This same situa- 
tion obtained in the other groups studied Sometimes two associated 
phases were found in one chart This was particularly true of those 
filed under acute appendicitis with peritoneal abscess , in this group acute 
diffuse peritonitis was also recorded on seventy-seven charts , some of 
these were merely filed under acute diffuse peritonitis, while several were 
found only under the caption of peritoneal abscess, and the remainder 
Mere properly placed under both headings Similarly, there uere 2 
instances of appendical abscess and progressive fibrinopurulent perito- 
nitis which were listed only under one diagnosis In this connection, 
vhen more than one associated lesion existed, it must be emphasized 

From the First Surgical SecMce of the Presbjtenan Hospital 
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that such cases were assigned under each of the two groups to which 
they belonged, and if the patient died the fatalitj was recorded under 
each of these groups in the computation of the mortahtj rate for each 
separate gioup (chief!} in tables 1, 4. 7, 10 and 13) but in determining 
the total mortality rate for all the groups (table 15) these same cases 
m which more than one lesion was present were counted onh as 1 case, 
and, if the patient died, only 1 death was recorded This accounts for 
the fact that the sum of the induidual senes (tables 1, 4, 7, 10 and 13) 
would be greater than the total as given in table 15 Mention must 
also be made of those cases in which there w ere preoperative signs and 
symptoms and a gross operative pathologic process of acute appendicitis, 
yet m ^\hlch the microscopic diagnosis failed to reveal an acute mflam- 
matori process The records m these cases w ere nevertheless filed under 
acute appendicitis provided the attending surgeon in his final note still 
considered the case as one of acute appendicitis Several cases were 
found m which the history and physical signs and the appearance of 
the appendix did not warrant the diagnosis of an acute process, and 
these were excluded except in 2 or 3 instances m which the microscopic 
diagnosis was acute appendicitis despite the clinical evidence to the 
contrar} 

The reader will note that acute appendicitis together with its asso- 
ciated lesions has been placed under five mam groups (tables 1 to 14) 
The} do not necessanl} lepresent consecutive stages of the same disease 
process Often the} skip the stage of peritoneal abscess (tables 7 and 8) 
and proceed from one of local to one of diffuse (or spreading) perito- 
nitis and then perhaps finally to fibrinopurulent peritonitis There are 
a number of instances m uhich peritoneal abscess with acute diffuse 
peritonitis, and even uith acute fibrinopurulent peritonitis, has been 
desciibed at operation, although here it is likely that the abscess was 
present before the diffuse oi fibrinopurulent peritonitis developed 

It must be realized that the five groups into n Inch these cases have 
been divided aie classified possibly for the purpose of convenience and 
study rather than as actual separate clinical entities, although in the great 
majorit} of instances the latter also probably obtains Yet there must 
be man} cases in which it would be extremely difficult to determine the 
exact categor} Add to this the individual interpretation and conception 
of the disease process on the part of a score or more surgeons and the 
reader will quickly challenge the accurac}"- of tables 1 to 14 There is 
no satisfactory ansiver to this except to state that all questionable cases 
were discussed and revieu ed with the attending surgeon in charge, and 
his decision (to which group they should belong) nas considered as 
final Table 15, hm^e^er, represents the total number of cases of acute 
appendicitis of all types, together with the actual number of deaths, 
therefore, the figures in this table can be considered as accurate 

6 ' 
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GROUP 1 ACUTE APPENDICITIS 

Definition — Acute appendicitis is an acute inflaininatory process 
confined almost entirely to the appendix, in whole or in part The organ 
IS edematous and sometimes turgid and distended Its serosa has lost 
its luster, and the serosal vessels are often dilated Theie may be some 
deposition of fibrin and even beginning discoloration suggesting an early 
stage of gangrene The ineso-appendix often presents edema, dilata- 
tion of the blood vessels and friability The cecum adjacent intestinal 
coils, mesentery, retroperitoneal tissues and parietal and visceral 
peritoneum show little or no inflammatory reaction There is usually 
no exudate 


Table 1 — Annual Moitahty Rates m Cases of Simple Acute Appendicitis at the 

Pieshyterian Hospital 



Number of 

Number of 

Mortality, 

Years 

Cases 

Deaths 

per Cent 

1916 

49 

1 

20 

1917 

44 

0 

0 

1918 

60 

0 

0 

1919 

43 

0 

0 

1920 

60 

1 (0)* 

166 

1921 

53 

0 

0 

1922 

54 

1 

185 

1923 

61 

0 

0 

1924 

54 

1 

1 85 

1925 

50 

0 

0 

1926 

56 

0 

0 

1927 

69 

0 

0 

1928 

74 

1 

1 35 

1929 

93 

1 

107 

1930 

87 

0 

0 

1931 

91 

1 (0)* 

1 09 

1932 

63 

0 

0 

1933 

112 

0 

0 

Total 

1,175 

(1,173)* 

7 

(5)» 

0 59 
(0 42)* 


* See nmlysis of deiths, page 67 


Moitahty Rate — In table 1 are listed the number of cases which con- 
form to the definition just stated, A\ith the number of deaths and the 
moitahty rate It is interesting to study the progressive five year average 
mortality late for comparison, because it tends to lessen the fluctuation 
factor of each individual year (table 2) This is more striking in com- 
paiing the graphs in charts 1 and 2 The line in chart 2 is surprisingly 
leiel, but one notes immediately an upward progression from 0 34 per 

TiT, ® ^^terval from 

lAb to 1932 The latest five year average (1929-1933) has diminished 

markedly and is the third lowest m the senes Therefore, although the 
moitahty rate at the Presbyterian Hospital is no higher than that of 

the Vn? ^ate for all 

the cases m this group from 1916 to 1933 inclusive, is 0 59 per cent 
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Compmahve Study — Some figures from other dimes and hospitals 
will be interesting for comparison, and these are shown in table 3 It 
will be noted that the mortality rates vary considerably Probably the 
most interesting figure is that of Bauer, who has made a most careful 
and scholarly study of cases of acute appendicitis covering a period of 
twenty-seven years It did not seem fair to quote mortality rates from 
a personal series (such as Guerry or from a small, limited group of 
highly trained surgeons (Finney’s - senes, for instance), because the 

Table 2 — Progtesstve Five Ycai Avciage Moilahtv Rales in Cases of Simple 
Acute Appendicitis at the Ptcsbvteiian Hospital 



^u^lbcr of 

Number of 

Jlortality, 

Years 

Cases 

Deaths 

per Cent 

1016-1920 

256 

2 

0 78 

1917-1921 

2C0 

1 

038 

1918-1922 

270 

2 

0 74 

1919-1923 

271 

2 

0 73 

1926-1924 

282 

3 

106 

1921-1925 

272 

2 

0 73 

1922-1926 

275 

2 

0 72 

1923-1927 

290 

1 

0 34 

1924-1928 

303 

2 

0 66 

1925-1929 

342 

2 

058 

1926-1930 

379 

2 

0 52 

1927-1931 

414 

3 

0 72 

1928-1932 

410 

S 

0 73 

1929-1933 

448 

2 

0 44 


PER 

a 

I 

0 
VR 

Chart 1 — Graph showing the annual death rate from 1916 to 1933, inclusive, 
in 1,175 cases of simple acute appendicitis The total number of deaths was 7, the 
mortaliti rate, 0 59 per cent 
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Chart 2 — Graph for comparison with that in chart 1, showing the progressive 
five year average death rate from 1916 to 1933, inclusive, in the same group of 
cases of simple acute appendicitis 


present report represents the lesults of a large hospital staff in which 
there have been at least t^venty-five attending surgeons during the period 
under study Man}'^ reports were found in the literature, but they are 
not shown in table 3 because the period of time was too short or because 
the series was too small This fact also obtains in comparing the mortality 


1 Guerry, Le G Tr Am S A 44 136, 1926 

2 Finney, J M T, Jr Surg, Gj'nec & Obst 56 360 (Feb) 1933 
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rates m groups 2 to 6 at the Presbyterian Hospital Another difficult 
feature in endeavoring to make comparisons is that each hospital or 
locality has its own classification of acute appendicitis and its associated 
lesions Consequently, the reader must appreciate a real factor of error 
in studying these charts However, I have attempted to cite only those 
series which might seem to agree with the classification used in this 
paper In passing, it is interesting to note that two authors (Dixon ^ 
and Stoney,^ both personal series) do not have a single death in their 
group of cases of simple acute appendicitis 

Analysts of Deaths — A careful study of the 7 fatal cases m this group revealed 
2 in which the data furnish considerable doubt as to the validity of the cause of 


Table 3 — Mottahtv Rates tn Senes of Cases of Acute Appendictits Reported 

m the Literature 


Tear ot 
Publi 



Number 

of 

Period 

Mortality, 

cation 

Author 

Place 

Cases 

Studied 

per Cent 

1925 

Adams t 

London Hospital 

633 

1919 1923 

09 

1925 

Love ® 

St Thomas’ Hospital 

348 

1919 1923 

08 

1927 

Colp® 

Mount Smai Hospital, 
New York 

842 

1916 1926 

0 95 

1928 

Quam and Waldschmidt 

Bismarck, N D 

551 

1919 1927 

0 36 

1931 

McDonald Minnesota Med 
14 212, 1931 

St Marys and St Lukes 
Hospital, Duluth, Minn 

944 

1925-1930 

0 74 

1933 

Bauer n 

General Hospital, Mai 
mo, Sweden 

3,759 

1903 1930 

07 

1933 

Walter 

Boston City Hospital 

1,174 

1927 1930 

1 5 

1933 

Coller and McRae J Mich 
Igan M Soc 30 319, 1931 

University Hospital, 

Ann Arhor, Mich 

233 

1925 1930 

0 43 

1931 

Keyes Ann Surg 09 47, 
1934 

Barnes and St Louis 
Children’s Hospitals 

345 

1915-1932 

2 32 

193i 

Quoin Aieh Surg 2S 
782, 1934 

Bismarck, H D 

637 

Sept 1927 to 
Oct 1932 

0 31 


death One patient was a 6 year old child who was admitted to the hospital with 
a diagnosis of intussusception The diagnosis was verified at operation, and the 
appendix was found to be included in the ileocecal intussusception After reduc- 
tion was accomplished, the operator examined the appendix and thought it appeared 
acutely inflamed It was therefore removed The report from the surgical pathol- 
ogj laboratory was chronic appendicitis The patient lived only ten hours after 
operation It is possible that the appendix was simply congested by reason of 
Its inclusion in the intussusception instead of being primarily acutely inflamed 
The second doubtful case was that of a 27 year old man who was admitted to 
the hospital because of pneumonia (tjpe I) and a failing heart from chronic 
cardnc ^al^ular disease The abdomen was slighth distended, and no tenderness 
or spasm was present The patient died fi^e hours later Auptosy repealed o^s 

Sro"sr'\he'aTl as well as mitral and aortic 

stcnoM^ie abdominal caMtj was clean, and the peritoneum was smooth, pale 


3 Dixon, C r 

4 Stone^, R \ 


Proc Staff Meet, Majo Clin 7 323 (June 1) 193? 
Irish J M Sc 2 645 (No\ ) 1932 
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addition to the pathologic process noted in the pievious group, theie may 
be considerable deposition of fibiin on the appendix The latter may 
show more advanced signs of gangrene There is usually no gross per- 
foiation The cecum about the base of the appendix ma} be edematous, 
thickened and congested The omentum which is edematous and 
congested, is sometimes found paitly or n holly enveloping the appendix, 
perhaps with the formation of a few delicate adhesions The adjacent 
intestinal coils may be slightl) dilated and sometimes theie are conges- 
tion and loss of luster of the serosal surface This same appeal ance 
may be found on the mesenterj of the teiminal poition of the ileum 


Table 4 — Annual Morlabty Rales tn Cases of Acute Appendtcifts zviih Acute 
Local Pentomtts at the Pi csbvtet lan Hospital 


Tear 

Number of 
Cases 

Number of 
Deaths 

Mortality 
per Cent 

1910 

29 

0 

0 

1917 

29 

0 

0 

1918 

25 

0 

SO 

1919 

29 

0 

0 

1920 

30 

1 

3 3j 

1921 

41 

2(1)^ 

4 S7 

1922 

35 

1 

2S5 

1923 

35 

1 

2 81 

1924 

32 

1 

3 12 

1925 

34 

0 

0 

1926 

43 

2(1)» 

4 44 

1927 

33 

0 

0 

1928 

34 

1 

2 94 

1929 

40 

0 

0 

1930 

20 

1 

5 0 

1931 

22 

0 

0 

1932 

77 

0 

0 

1933 

40 

0 

0 

Total 

630 

12 

190 


(628)* 

(10)* 

(1 19)» 
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Some peiitoneal exudate is almost always present It may be confined 
to the right Ion ei quadrant or perhaps only to the iliac fossa , on the 
other hand, there may be a small collection m the pelvis m addition This 
exudate may be clear, pale and odorless, but it is often turbid and grayish 
jellow and possibly slightly odorous Sometimes it appears as a 
brownish seropurulent fluid but it is rarely bloody frankly purulent 
or foul-sinelhng The parietal peritoneum overhmg the inrolved area 
ma^ be edematous and injected Briefly, the process is more extensive 
than that of the prerious group, ret it tends to remain relativeh confined 
to a limited area of the peritoneal cavitj 

Moitahiy i?nfc— Table 4 together with charts 3 and 4, gnes tlw 
facts concerning the annual death rate and the fi^e year average Here 
again chait 3 shows a fluctuating curie In chart 4 one is 
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impressed b} a definite, general decline, which reaches its lowest point 
m the last five yeai period There are a few rises interspersed along 
the curve, the most serious being during the period from 1918 to 1922, 
inclusive The mortalit)^ rate in the group of acute appendicitis with 
acute local peritonitis is definitely decreasing up to the present time, 
perhaps it will continue to do so The total death rate in this group is 
1 9 per cent, but the rate for the most recent five year period is only 
0 5 per cent 


PfR CENT 



Chart 3 — Graph showing the annual death rate from 1916 fo 1933, inclusive, 
in 630 cases of acute appendicitis with acute local peritonitis The total number 
of deaths was 12 , the mortality rate, 1 9 per cent 


PERCENT 

H 
3 
e 

I 

0 

Chart 4 — Graph for comparison with that in chart 3 showing the progressive 
five year average death rate from 1916 to 1933, inclusive, in the same group of cases 
of acute appendicitis with acute local peritonitis 

Compmatwe Study — Examination of mortality reports from other 
clinics indicates that the death late at the Presbyterian Hospital com- 
pares rather favorably \vith them This is shown m table 6 Even the 
mortality rates m the personal series of Ashhurst “ (4 5 per cent), 
Stoney* (2 2 per cent) and Hawe® (2 8 per cent) are slightly higher 

Analysts of Deaths — There were 12 deaths m this group of cases In 2 the 
cause of death seems doubtful from the standpoint of acute appendicitis with acute 



I9lb jgn »9I8- 1919 1920 I9ej I9E2 1921- I92H >925 l92t» J927 19 6 i9M 
1920 N22 J923 1929 {9^5 I92b t92T 1928 (929 1930 (931 J93Z 1933 


5 Ashhurst, A P C Ann Surg 85 89 (Jan ) 1927 

6 Haw e, P Liverpool Med -Chir J (pt 1 ) 41 89, 1933 
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local peritonitis The first case was that of a 9 year old boy who was observed 
for four days after admission to the hospital because of extremely confusing signs, 
which seemed to point to meningitis Abdominal examination failed to reveal any 
signs of acute peritoneal irritation The boy was extremely irritable , his neck 
was slightly stiff, there was a questionable Kernig sign, but examination of the 
fundi and spinal fluid gave negative results The white blood cells numbered 
31,000, with 84 per cent polymorphonuclears, and a culture of the blood showed a 
growth of the hemolytic streptococcus The temperature remained around 104 F 
Finally, on the fourth day, signs of tenderness in the lower portion of the abdomen 
and slight involuntary muscle spasm developed At operation the picture was 
one of acute mesenteric adenitis , there was a small amount of clear, odorless, 
sticky exudate The appendix was retrocecal and did not appear to be inflamed 
However, the surgical pathology laboratory reported a diagnosis of acute appendi- 
citis The patient died two days later, having lapsed into coma and acidosis Per- 
mission for autopsy was not obtained 

The second doubtful case was that of a girl, aged 14 years, who was admitted 
to the hospital with a diagnosis of acute appendicitis There was an elevated 
blood count and an increase in the number of polymorphonuclears At operation, 
acute local peritonitis was discovered The appendix was laterocecal, and the 
distal two thirds was gangrenous, it was decided to use a drain The postopera- 
tive course was uneventful, and the patient was discharged on the fifteenth day 
with instructions to visit the surgical clinic because the wound had not quite healed 
During the following five weeks the wound showed no tendency to heal , in fact, 
it became slightly deeper It had an unclean appearance, with unhealthy, grayish 
granulations and a thin, seropurulent discharge During the fifth week the girl 
felt weak and feverish and lost her appetite When the next dressing was applied, 
her general appearance was found to be distinctly poor, the temperature was 
100 F and, to the astonishment of the examiner, the white blood count was 15,000, 
with 88 per cent large lymphocytes and immature forms Further investigation 
showed an enlarged spleen and liver, but there was little or no general adenopathy 
The patient was readmitted to the hospital and observed for two days, and then, 
because of increasing pain in the right lower quadrant, together w'lth rising tem- 
perature and an increasing white cell count, the wound was explored, but no 
foreign body or residual abscess was found A culture of the wound tract showed 
a growth of hemolytic streptococcus The patient became rapidly worse, a blood 
culture on the third da\ after operation w’as positive for the hemolytic streptococcus 
Subsequent blood counts revealed rapidly developing aleukemic leukemia. Petech- 
lae soon appeared, and just before death there was severe ulcerative stomatitis 
The final report of the autopsy and microscopic examination w'as acute l 3 "mphatic 
leukeniiT. and hemolytic streptococcic bacteremia It was the pathologist’s belief 
that the leukemia probabU existed before the episode of acute appendicitis took 
place 

If the cause of death in these 2 cases can be assigned to sources other than 
acute appendicitis with acute local peritonitis, the total mortalitv rate would be 
1 59 per cent (table 4 *) 


The remaining 10 deaths deserve some discussion Six of the patients were 
aged 20 jcars or less All 10 gave a relatively short history (with 1 exception) 
A recent acute infection of the respiratorv- tract had occurred in 2, and 1 patient 
gave a historj of several attacks of pneumonia As 1 man was an extensive user 
of alcohol. It was necessarj to administer ether bv the open method Four patients 
received nitrous oxide and ether, and another was given chloroform and ether 
Lthvlene was used once The anesthesia in the remaining case was started with 
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nitrons o\ide and ether but, because of ctanosis and spasm, ether by the open 
method was substituted The position of the appendix varied considerably More 
significant are the following facts Removal of the appendix was extremely diffi- 
cult and the operation was considerably prolonged in 3 cases (either by reason of 
the obesity of the patient, poor relaxation and response to the anesthetic, or because 
of the position of the appendix itself involving serious technical difficulties) , the 
large bowel was accidentally opened in 1 case, and in 2 the appendix ruptured 
during the process of removing it These are all serious accidents, and thej fur- 


Table S — P) ogi cssivc Five Ycat ■ivciagc Moitahly Rates in Cases of Acute 
Appendicitis ivith Acute Local Pctiloutlis at the Pieslntciiau Hospital 



Number of 

Number of 

Jlortality, 

years 

Cases 

Deaths 

per Cent 

1916-1920 

142 

S 

211 

1917-1921 

154 

5 

324 

191S-1922 

ICO 

c 

3 73 

1919-192.1 

170 

5 

2 94 

1920-1924 

173 

6 

3 46 

1E21-192J 

177 

5 

2 82 

1922-1920 

181 

5 

2 70 

1929-192/ 

179 

4 

223 

1924-192S 

178 

4 

2 24 

1023-1929 

ISO 

3 

160 

1926-1930 

172 

4 

2 32 

1927-1931 

149 

2 

134 

1928-1932 

193 

2 

1 03 

1029-193.> 

109 

1 

050 


Table 6 — Moitality Rates in Sctics of Cases of Acute appendicitis with Local 
Pcntonitis Repotted in the Litciatuic 

Tear of 
Pubb 



^ umber 
of 

Period 

Mortality, 

cation 

Author 

Place 

Cases 

btudied 

per Cent 

1925 

Adams " 

London Hospital 

467 

1919 1923 

62 

1925 

JLovc ® 

St Thomas Hospital 

271 

1919 1923 

52 

1927 

Colp® 

Mount Smai Hospital, 
New Aort 

975 

1916 1926 

31 

1933 

Walter 

Boston City Hospital 

265 

1927 1930 

1 3 

3933 

Seelye 

Memorial Hospital, 
Worcester, Mass 

2S7 

1929 1932 

1 4 

1934 

Bower T A AI A 102 
813 (March 17) 1934 

Philadelphia hospitals 

3,D17 

1928 1932 

2 50 

1934 

Garloct Am J Surg 23 
248, 1934 

New Tort Hospital 

II Division 

350 

1928 July 
1932 

0 57 


nish thought for means of prevention Severe distention and ileus (mechanical 
in 2) developed in 7 cases, necessitating enterostomj' or jejunostomy This opera- 
tion was usually done as a last desperate and final effort It seems that jejunos- 
tomj might produce a more fortunate outcome if done earlier, as soon as other 
more conservatne measures fail This is one reason that enterostomj is con- 
demned by many surgeons One patient died of pylephlebitis, and in another the 
same complication developed together with a hepatic and subphrenic abscess A 
secondary peritoneal abscess occurred in 2 cases Urinary suppression was the 
cause of death in another case Postoperative pneumonitis was a serious complica- 
tion in 4 instances and undoubtedly the cause of death in 1 Drainage was estab- 
lished in all but 1 of the 10 cases at the original operation 
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It seems that certain preventive measures might be instituted for 
lowering the mortaht} rate in this particulai group Gieat care should 
be given to the choice of an anesthetic, especially in the presence of an 
infection of the uppei respnatoiy tract, emphysema obesit} and alco- 
holism At the piesent time the use of spinal anesthesia, oi 
avertm with nitrous oxide oi local anesthesia seems highly desirable 
Prevention of mjur} to the neighboring viscera and gentle removal 
of the appendix m ordei to avoid luptuiing it are technical points which 
require no further comment When there is actual difficulty in lemoving 
the appendix it might be wisei simph to insert a chain down to it, 
because if removal is attempted there ma} be consideiable damage to 
the stump of the meso-appendix and the retroperitoneal tissues, thereby 
affording a means of extension of the infection and producing, possibly, 
pylephlebitis, retroperitoneal cellulitis, phlebitis of the letropeiitoneal 
veins and even septicemia This ceitainly suggests itself as a possible 
cause m the 2 cases in which p3lephlebitis and hepatic abscess occurred 
If enterostoiu} is to be employed it should be done early and not as an 
eleventh hour desperate measure Lastl}’ it is inteiestmg to note that 
a number of patients with streptococcic appendicitis and local peritonitis 
give a history on admission of high fever, diairhea and chill These 
are the persons in whom a severe, oi erwhelming infection is likely to 
develop, with septicemia, pylephlebitis subsequent general peritonitis or 
paralytic ileus They are the ones who need large amounts of fluids 
to combat the toxemia, and, equalh important, they should receive 
repeated small blood transfusions (300 cc ) as a part of the supportive 
treatment 

If these few simple preventive measuies are emplo}ed in this group 
of cases of appendicitis, it seems reasonable to suppose that the mor- 
tality rate will drop considerably more 

GROUP 3 ACUTE APPENDICITIS WITH PERITONEAL ABSCESS 

Definition — In cases of acute appendicitis with peritoneal abscess the 
process has remained localized, as a rule, because of resistant forces 
which have prevented further spread of the infection The abscess may 
be formed by any or all adjacent viscera, and its location depends, in 
large part, on the position of the appendix The latter is usually found, 
m whole or in part, in the abscess cavity It frequently reveals one or 
more perforations, and its surface may be covered ivith fibrin There 
IS often extensive gangrene, and sometimes the appendix may have 
partly or completely sloughed away The contents of the abscess consist 
of thick, creamy, purulent exudate, containing fibrin and sometimes gas 
bubbles The pus is often very odorous, and its color is yellowish, as 
a rule, although it may assume a greenish or even a brownish hue 
bometinies the abscess is very small and may contain 1 cc of pus or less 
more often one encounters several drachms or even several ounces of 
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pus The very large abscesses are seen (fortunately) with less fre- 
quency, but they sometimes acquire an enormous size, even larger than 
a baby’s head In abscesses of recent formation the walls are apt to 
be made up of friable, edematous, easily bleeding tissue, and there is 
relatively little fibrin The adhesions between neighboring viscera, form- 
ing the wall of the abscess, can be separated with alarming ease In the 
larger and older abscesses the wall is often thicker, owing to considerable 
deposition of fibrin, frequently the fibrin gives a shaggy appearance 
to the inner surface of the wall of the abscess Here the adhesions of 
the surrounding structures are stronger, and if the operator (often 


Table 7 — Annual MortaUty Rate tn Cases of Acute Appendicitis with Peritoneal 
Abscess at the Presbyterian Hospital 



Number of 

Number of 

Mortality, 

Year 

Cases 

Deaths 

per Cent 

1916 

39 

3 

7 69 

1917 

40 

1 

2 50 

1918 

38 

2 

5 26 

1919 

44 

7C4)* 

1590 

1920 

43 

9 (4)* 

20 93 

1921 

37 

3 

810 

1922 

29 

6(2)‘ 

20 68 

1923 

52 

2 

384 

1924 

42 

6 {!)• (l)t 

14 28 

1925 

27 

2 

7 40 

1926 

25 

2(2)- 

80 

1927 

17 

1 

588 

1928 

12 

0 

0 

1929 

15 

2(2)* 

13 88 

1930 

27 

4 (2)‘ (l)f 

14 81 

1931 

23 

3(2)* 

13 04 

1932 

32 

5(2)* 

15 62 

1933 

20 

2(1)* 

6 89 

Total 

671 

60 

10 6 


(492)* 

(38)* 

(7 72)* 


(490)t 

(36)t 

(7 34)t 


* See analysis of deaths, page 79 
t See analysis of deaths, page 79 


inadvisedly) digitally tears the Avail of the abscess, there is less danger 
of bleeding and of spreading the infection One portion of the abscess 
IS almost ahvays formed by the parietal peritoneum, so that there may 
be considerable retroperitoneal cellulitis with thrombosis of the veins 
And this same condition often obtains for the thickened, edematous, 
friable, thrombosed meso-appendix Around the abscess there may be 
edema and congestion of the viscera, and one usually notes a small 
amount of free serous or slightly turbid peritoneal exudate If there 
has been extension of the infection through the Avail of the abscess, there 
may be an associated diffuse (spreading) or even general fibrmopurulent 
peritonitis 

MortaUty Rate — Examination of table 7 and also of charts 5 and 6 
shoAvs a definite disturbing increase in the mortality rate in recent years 
Chart 6 illustrates this quite obviously, proceeding from a Ioav level of 
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7 29 per cent in the period from 1925 to 1929 steadily upward to 12 69 
per cent in the last five yeai period While the average death rate in 
this group of cases is 10 5 per cent, there is reason to view this rise with 
alarm On the other hand, the annual mortality rate discloses the lowest 
death rate m 1933 since 1928, and, if this can be maintained, the curve 
should begin to drop sharply 

CompmaUvc Study— Table 9 discloses data from other hospitals and 
clinics for comparison with those from the Presbyterian Hospital The 



Chart S — Graph showing the annual death rate from 1916 to 1933, inclusive, in 
571 cases of acute appendicitis with peritoneal abscess The total number of deaths 
was 60 , the mortality rate, 10 5 per cent 
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Chart 6 — Graph for comparison with that in chart 5, showing the progressive 
five year death rate from 1916 to 1933, inclusive, in the same group of cases of 
acute appendicitis with peritoneal abscess 


mortality rate from the latter hospital is considerably higher than that 
given by Adams,^ Love,® Colp,® Quain and Waldschmidt and Bauer “ 

7 Adams, J E Brit M J 1 723 (April 18) 1925 

8 Love, R J Lancet 1 1229 (June 10) 1933 

9 Colp, R Ann Surg 85 257 (Feb ) 1927 

1 nnn ^ ^ Waldschmidt, R H Acute Appendicitis Report of 

1,000 Consecutive Cases, Arch Surg 16 868 (April) 1928 

11 Bauer, G Acta chir Scandinav (supp 24) 70 1, 1933 
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Of particulai inteie&t is the repoit of Swoin and Fitzgibbond" m which 
the death rate in a senes of cases in Avhich operation had been pei formed 
IS compaied with that in a senes in Avhich there was no operation The 
nearest appioach to this is the personal senes of Gueriy/ with a mor- 
tality of 0 7 per cent Seelyed® in a small group of cases covering a 


Table 8 — P}og)essive Five Ycai Avciage Moiiahty Rates m Cases of Acute 
Appendicitis zmth Peiitoneal Abscess at the Picsbytenan Hospital 



Number of 

Number of 

Mortality, 

Years 

Oases 

Deaths 

per Cent 

1916-1920 

204 

22 

10 78 

1917-1921 

202 

22 

10 80 

1918-1922 

191 

27 

1413 

1919-1923 

205 

27 

1317 

1920-1924 

203 

26 

12 80 

1921-1925 

187 

19 

1016 

1922-1926 

175 

18 

1028 

1923-1927 

163 

13 

7 97 

1924-1928 

123 

11 

8 94 

1925-1929 

96 

7 

7 29 

1926-1930 

96 

9 

9 37 

1927-1931 

94 

10 

10 63 

1923-1932 

109 

14 

12 84 

1929-1933 

126 

16 

1269 


Table 9 — Moitahty Rate in Senes of Cases of Acute Appendicitis tenth Abscess 

Rcpoited in the Liteiatuie 

Tear of 



Number 



Publi 



of 

Period 

Mortality, 

cation 

Author 

Place 

Cases 

Studied 

per Cent 

1925 

Adams t 

Dondon Hospital 

347 

19191923 

46 

1923 

Dove ® 

St Thomas’ Hospital 

95 

1919 1923 

42 

1927 

Colpo 

Mount Smal Hospital, 

665 

1916 1926 

54 



New York 




1928 

Quam and W aldschmidt 

Bismarck, N D 

289 

1919 1927 

2 42 

1931 

Tascho and Spano Ann 

University Hospital, 

112 

1920 1929 

97 


Surg 03 899, 1931 

Minneapolis 




1932 

Sworn and ritegibbon 

St Thomas’ Hospital 

189 

1920 1929 

79 



No operation 285 

1920 1929 

0 6S 

1933 

Walker 

Boston City Hospital 

328 

1927 1930 

97 

1935 

Bauer 

General Hospital 

676 

1903 1930 

69 



Malmo, Sweden 




1934 

Keyes Ann Surg 00 47, 

Barnes and St Louis 

315 

1915 1932 

73 


1934 

Children’s hospitals 




1934 

GarloeL Am T Surg 20 

New York Hospital, 

51 

1928 July 

1176 


248, 1934 

II Division 


1932 



period of only thiee years reported no deaths The remaining obseivers, 
listed in table 9, repoited a mortality comparable to that from the Pres- 
byteiian Hospital 

Analysis of Deaths— Oi a total of 571 patients, 60 died However, there were 
77 patients who had acute diffuse peritonitis at operation, in addition to abscess, 

12 Sworn, B R , and Fitzgibbon, G M Brit J Surg 19 410 (Jan ) 1932 

13 Seelje W C New England J Med 208 123 (Jan 19) 1933 
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and of these 20 died Similarly, there were 2 patients with acute progressive 
fibrmopurulent peritonitis, together with abscess, and both died On examining 
the records for these 22 fatal cases, there was no question but that death was due 
to the more serious diffuse, or fibrmopurulent, peritonitis, and not primarily to 
the abscess These cases are listed under groups 4 and 5, where thej properly 
belong, but the> ha\e also been placed in the present senes m order to study 
appendical abscess as a whole and to avoid the criticism of deliberately trying to 
reduce the niortahtj rate for appendical abscess For if these 79 records and the 
22 deaths associated iMth them are excluded — and manj might consider this as 
fair and justifiable— the mortality rate would be 7 72 per cent instead ot 10 5 
per cent (table 7*) In addition to these 79 cases, there are 2 more which are 
certainly questionable when the cause of death is listed as appendical abscess The 
first case was that of a woman aged 68, who was admitted to the hospital with a 
palpable appendical abscess She had had a stroke three years before The abscess 
W'as drained under infiltration w'lth procaine hydrochloride, and the postoperative 
course was smooth until the occurrence of a cerebral accident on the tenth day 
The patient became disoriented, confused and incontinent Facial paralysis on the 
right side appeared on the sixteenth da\, and she died of terminal bronchopneunio- 
ma three dajs later Death can hardh be directh attributed to the peritoneal 
abscess 

The second case w’as that of a man aged 34, who was extremelj ill and m a 
poor condition An operation for an appendical abscess w’as performed at another 
hospital three months before The patient w'as w'ell for about a month and then 
began to have increasing fe\er and chills, together with intermittently draining 
sinuses He was almost moribund w'hen he entered the Presbyterian Hospital, 
and m spite of supportne treatment he died two days later Autops> revealed a 
subcecal abscess, thrombophlebitis of the pehic veins, pylephlebitis, abscess of the 
liver and bronchopneumonia As this patient w'as operated on elsewhere and came 
to the hospital too ill for any further surgical intervention, it does not seem fair 
to include his case m computing the mortality rate of this group If these 2 cases 
are excluded, as well as the 79 mentioned previously with 22 deaths, then the total 
number m this series would be 490 with 36 deaths, carrvmg a mortality of 7 34 per 
cent (table 7t) Nevertheless, these 24 fatal cases have been included m com- 
puting the following facts in the present death analy sis 

Thirty-six of the 60 patients who died were males Fortv years was the aver- 
age age, and only 18 were 30 years old or less The youngest patient was 5^ 
years of age The great majority of cases occurred m the fourth, fifth and sixth 
decades The average duration of the present illness w’as six days There was 
a recent infection of the respiraton tract in 9 cases, and actiye pulmonary tuber- 
culosis m 2 Diabetes was present m 2 other cases, and marked obesity was 
observed in 10 A mass was felt in 25, and in 4 others it was detected on rectal 
examination only During the first few years ether (by the open or closed method) 
was used, later, nitrous oxide, with or without ether, was used, and then ethylene, 
sometimes with ether In more recent years, avertm or spinal anesthesia has been 
employed Local infiltration with procaine hydrochloride has been employed only 
occasionally The four most frequent sites of the peritoneal abscess were latero- 
cecal subcecal and retrocecal, mesocecal and pelvic The abscess was described 
^ large’ in 16 and “small” or “moderate-sized” in the remaining 44 patients 
The appendix was removed in 45 of the 60 patients, removal was sometimes 
extremely difficult, thereby injuring natural barriers against the spread of the 
infection, often producing bleeding and lengthening the operating time considerably 
llie complications were chiefly intraperitoneal, pulmonary and vascular An over- 
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whelming infection, with spreading peritonitis and severe toxemia, was described 
in 17 Distention was marked in 26 patients, and of these 14 had a paralytic ileus 
Mechanical ileus developed in S, and there was gastric dilatation in 6 others Enter- 
ostomy was performed four times during the original operation and eleven times 
as a subsequent procedure Secondary peritoneal abscess, usually late, occurred in 
7 cases, and abscess of the liver was noted at autopsy in another 3 Of the 5 
patients with pylephlebitis, 4 exhibited jaundice Severe hemorrhage and disrup- 
tion of the wound each occurred in 3 cases Sixteen patients contracted postopera- 
tive pneumonitis, while 3 died of pulmonary tuberculosis Four died of sudden 
fatal embolism Severe profound shock was noted in S Pericarditis, suppurative 
parotitis and apoplexy were each presenf once Two patients died of acidosis with 
diabetic coma, and 4 others of uremia The great majority of these patients died 
within the first week or ten days 

A few cases deserve special mention One patient underwent ileocolectomy 
because the inflammation, induration and thickening of the cecum and terminal 
portion of the ileum were interpreted as tuberculosis This could not be substanti- 
ated by the surgical pathologist Another patient suddenly went into a terminal 
toxic psychosis and died about a week later A very interesting case was that of 
a patient admitted to the hospital with a diagnosis of pneumonia The abdominal 
symptoms were completely masked by the pulmonary condition The course was 
progressively downhill, with the development of marked distention Roentgeno- 
grams failed to verify the clinical diagnosis of pneumonia Finally, signs of sub- 
phrenic abscess appeared, and a transpleural thoracotomy was performed on the 
fifteenth day after admission Autopsy on the following daj revealed acute appen- 
dicitis with a pelvic abscess, abscesses of the liver and pylephlebitis Another 
patient probably died from the premature injection of surgical solution of chlorin- 
ated soda (Dakin’s solution) into the abscess cavity A spreading peritonitis 
followed, and the patient died on the sixth day A man, aged 63, came to the 
surgical service with a vague historj^ of abdominal pain A firm, rather tender 
mass was felt in the ileocecal region, and it was thought that it represented a 
carcinoma of the cecum The patient was observed for eleven days At operation 
a large retrocecal and laterocecal abscess was entered, obviously of appendical 
origin The appendix was removed Postoperative pneumonia soon appeared, 
jaundice developed on the fifth day, and the patient died the following morning 
The record of a 17 year old boy is noteworthy There was a history of illness 
of four da\s’ duration which, combined with the physical examination, suggested a 
subsiding process Because of an existing acute tonsillitis, it was considered safe 
to wait On the tenth day sudden pain and cramps developed over the lower 
portion of the abdomen Operation was immediately performed A subcecal 
abscess was found Appendectomy was very difficult Marked distention and signs 
of spreading peritonitis set in the following day, to be followed by hiccup, vomiting 
and gastric dilatation The patient died on the second day after operation Another 
somewhat similar case was that of a woman, aged 79, with a history of abdominal 
pain of seven days’ duration She was very obese, and abdominal examination 
was extremely difficult to interpret Operation followed three days later The 
anesthetic was extremely poorly taken The operator found a large retrocohc 
abscess, communicating with a mesocolic abscess The appendix was removed 
There was considerable retroperitoneal cellulitis in the vicinity of the abscesses 
The patient died twelve hours later Finally, one must not neglect to mention the 
case of a man who was operated on for acute appendicitis and drainage of a small 
pelvic abscess Six days later signs of an acute mechanical ileus suddenly devel- 
oped, and after all conservatne measures failed to relieve him, he was taken to 
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the operating room to undergo jejunostom\ During the operation, while under 
anesthesia, the patient \omitcd and aspirated a considerable portion of the contents 
of the stomach He died a few hours later from a fulminating aspiration pneu- 
monia 

This analysis of the deaths and description of some of the cases 
constrains one to suggest certain preventne measures in trying to reduce 
the mortality rate An older age gioup is being dealt with, which 
increases the hazaid of operation and anesthesia Would it not be 
wiser, therefore, to use local anesthesia ofteiier, especially in those cases 
in which a mass is palpable and in which it seems close to the anterior 
abdominal wall ^ Here, too, spinal anesthesia or avertin seems 
preferable to general anesthesia In the operative procedure itself one 
should aim to create the least possible trauma and do the simplest and 
quickest sort of operation Therefoie, why not simply drain the abscess^ 
Removal of the appendix under these circumstances is often difficult , it 
prolongs the operation and is fraught with dangers It may provoke 
the inception of a retroperitoneal cellulitis, and often the trauma of 
appendectomy results in breaking through protective barriers If the 
incision of choice is a right rectus incision, it is well to insert a few 
supporting stay sutures when sewing up the wound, because the distem 
tion, coughing, vomiting, straining and gastric lavage which often follow 
soon after operation may provoke disruption of the wound By reason 
of the severe infection in these cases, it is probably better judgment 
not to approximate the subcutaneous tissues and the skm , these wounds 
should not be sewn too tightly The surgeon must avoid the early 
irrigation of the abscess and wound with surgical solution of chlorinated 
soda, because there is great danger of producing a sudden spread of the 
infection into the general peritoneal cavity One should wait at least 
five days after operation before instituting this procedure, and if its 
introduction causes severe abdominal pains it should be stopped at once 
Because of the severe toxemia and infection, it is important that these 
patients receive large amounts of fluid by ctysis, infusion, rectal tap 
and perhaps continuous intravenous drip The fluid used should be 
chiefly a saline solution One or more small transfusions are extremely 
helpful in combating an overwhelming infection and shock, one should 
not wait for complications to develop , one must learn to anticipate them 
and then direct one s efforts and therapy against their occurrence If 
enterostomy or jejunostomy is planned, it should be done early and not 
after distention and paralytic ileus have existed for several days One 
case of disruption illustrates the advisability of enlisting the support 
of a snug abdominal binder before performing a gastric lavage In 
order to avoid aspiration pneumonia, it is extremely important to insist 
on a preoperative lavage in cases of ileus Further, the 3 cases 
which were under observation before operation (described in the 
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analysis of deaths) emphasize certain definite risks and dangeis m 
tempoiizmg Sometimes theie is no other choice, the surgeon must 
learn to lealize the gravity and senousness of the situation and be 
prepaied to mteivene at once if the patient shows signs of spreading 
infection Lastly, it is of the greatest impoitance to group the 
treatments with lest behveen times 

In this gioup also there was a relativeh high incidence of pulmonar} 
embolism and p3dephlebitis , this can be easih undei stood if the 
pathologic piocess of appendical abscess, as described m the pieceding 
pages IS accepted Once more, theiefoie, let it be uiged that the utmost 
gentleness be exeicised m the opeiatne piocedure and an effort be 
made to avoid opening new avenues and routes to bacterial invasion 
One must tiy to preserve the piotective baiiieis alread} set up by the 
patient’s resisting forces One should help, not antagonize, nature’s 
protective mechanism 

GROUP 4 ACUTE APPENDICITIS WITH ACUTE DIFFUSE (DIFFUSING, 

SPREADING) PERITONITIS 

Defimtion — In this group of cases the process has spread fiom a 
state of local peritonitis, oi of abscess foimation, to one of extensive 
involvement of the abdominal cavity The paiietal and visceral peii- 
toneum are usually edematous, markedl) congested and somewhat fiiable 
throughout the operative field, peihaps all, or the gieatei pait, of the 
celom IS thus affected The serosa of the abdominal viscera has lost 
its lustei, and there may be inodeiate dilatation of the intestinal coils 
Considerable purulent exudate is seen in all oi most of the quadiants, 
It is usually thin and pale, but sometimes it is thick and cream) oi 
reddish brown The pus may be odoiless, but fiequenth it is foul- 
smelling As yet, there is little oi no deposition of fibrin, so that few 
or no adhesions aie seen, although there ma) be consideiable fibiin 
with adhesions, in the vicinity of the appendix itself, especially if the 
diffuse peiitonitis is preceded b) the stage of abscess foimation The 
appendix may be partly oi completely gangienous and co^eled \vith 
shreds or plaques of fibim In the majoiit) of cases, one or more 
perforations are seen m the appendix, and sometimes a fecolith may 
be discovered there Not mfiequently these fecoliths ma) be found in 
the abscess oi in the peritoneal cavity The meso-appendix is usually 
congested, thickened, edematous and veiy friable, and its blood vessels 
are often thrombosed Retroperitoneal cellulitis may have developed 
aiound it That portion of the cecum sui rounding the base of the 
appendix may be indurated, edematous and congested, so that slight 
tiauma may piovoke tearing and bleeding of its seiosa The omentum 
also exhibits an extensive inflammatory reaction and it ma) have 
formed adhesions in the region of the appendix in its effoit to localize 
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the infection In short, the piocess has become a lapicll} spieading oi 
diftiise one, and pus is seen not only in the aiea about the appendix 
and pelvic cavit} but also m the othei quadiants, in the lumbai gutters 
and, occasionall) e\en in the subhepatic and subphrenic spaces 

Such an mtia-abdominal pathologic piocess usually pioduces a fairly 
constant clinical pictuie The patient looks acutely ill and often toxic, 
and the skin is hot and diy The temperatuie is distinctly elevated and 
IS between 101 and 103 F The face is often flushed, and theie may be 
slight dyspnea Abdominal examination discloses a maiked decrease, 
or an absence, of lespiratoiy excursions Theie are geneiah/ed invol- 
untary muscle spasm, tendeiness and lebound tenderness, and these 


Table 10- 

—Aimual Mojtahtv Rates tii Cases of Acute Appendicitis 
Diffuse Pciitoiutis at the Pi csb\tci tan Hospital 

Zt’lfll dcuti 


Number of Number of 

Mortaliti, 

Tear 

Cases 

Deaths 

per Cent 

1916 

13 

5 

38 40 

1917 

17 

3 

17 64 

1918 

13 

0 

0 

1919 

20 

c 

30 0 

1920 

31 

6 

19 33 

1921 

19 

1 

5 26 

1922 

2S 

S 

28 57 

1923 

20 

2 

10 0 

1924 

20 

rt 

13 0 

1925 

16 

0 

0 

1926 

20 

4 

20 0 

1927 

14 

2 

14 28 

1928 

12 

2 

10 66 

1929 

14 

3 

21 42 

1930 

2? 

5 

21 73 

1931 

15 

2 

13 33 

1932 

22 

3 

13 03 

1933 

12 

1 

8 33 

Total 32 {) 

56 Average 17 02 


signs may exhibit their maximum intensity in the light louei quadrant, 
suprapubic region or umbilical or periumbilical aiea, or more rarel)'^ m 
the light uppei quadrant or left lower quadiant This very fact alone, 
that the area of maximum intensity is not always found m the right 
lower quadrant, makes the early diagnosis in some of these cases 
extremely difficult The appendix is often of the midline oi pelvic type, 
thus favoring an easier and more rapid spread of the infection, so that 
there may be a complete lack of any localizing signs It often requires 
great skill on the part of an experienced suigeon, let alone the general 
practitioner, to diagnose this condition eail} in its course 

Moitahty The mortality rate is distinctly higher than that of 

the previous group (abscess), and a studv of table 10 and charts 7 
and 8 illustrates this clearly Although the annual death late 
percentages and the curve in chart 7 show a recent diminution m the 
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mortality, the progressive five year averages (table 11 and chart 8) are 
disturbing in that there is only a slight decline in the last three five year 
periods, and they do not compare favorably with some of the earlier 
ones In fact, it is evident on studying the progressive five year average 
in table 11 and chart 8 that the mortality from acute appendicitis with 


Table 11' — Progiesswc Five Yeai Avciage Moiiahty Rates m Cases of Acute 
Appendicitis with Acute Diffuse Pcntomtis at the Presbyterian Hospital 



Number ol 

Number ol 

Mortality, 

Tears 

Cases 

Deaths 

per Cent 

1910-1920 

94 

20 

2128 

1917-1921 

100 

10 

10 0 

1918-1922 

111 

21 

18 91 

1919-1923 

118 

23 

19 49 

1920-1924 

118 

20 

10 94 

1921-1925 

103 

14 

13 69 

1922-1920 

104 

17 

10 34 

1923-1927 

90 

11 

12 22 

1924-1928 

82 

11 

13 41 

1925-1029 

76 

11 

14 47 

1920-1030 

83 

10 

19 27 

1927-1931 

78 

14 

17 04 

1928-1932 

80 

15 

17 44 

1929-1933 

SO 

14 

16 27 


PER CENT 



Chart 7 — Graph showing the annual death rate from 1916 to 1933, inclusive, in 
329 cases of acute appendicitis with acute diffuse peritonitis The total number of 
deaths in this group was 56 , the mortality rate, 17 02 per cent 
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Chart 8 — Graph for comparison with that in chart 7, showing the progressive 
five year average death rate in the same group of cases of acute appendicitis with 
acute diffuse peritonitis 

acute diffuse peritonitis has definitely increased when compared to the 
earlier five year periods between 1921 and 1929 The reader will note 
that the total average mortality rate of 1702 per cent (table 10) is 
almost 1 per cent higher than that of the most recent five year period 
(1627 per cent) 
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Compaiahve Study — ^The statistics for this group from the Presby- 
terian Hospital compare favorably with those of other investigators 
(table 12) Potter reported a mortality of 35 per cent m 63 cases of 
acute appendicitis with acute diffuse peritonitis at the Bellevue Hospital, 
fiist suigical division, from 1920 to 1931 Howevei, in the thirty-one 
months pnoi to the report of his most lecent paper there was a mortality 
of only 15 per cent, which is about the same as that at the Presbyterian 
Hospital for that same period (12 per cent) Among those reporting a 
relatively large series of cases, only Bauer and Walkei repoited 
mortality rates which are lower than that at the Presbyterian 
Hospital Many of the personal series, as well as those reported 
by a small limited group of surgeons, showed percentages as high or 


Table 12 — Mortality Rates in Series of Cases of Acute Appendicitis zuith Acute 
Diffuse Peritonitis Reported m the Liteiatuic 


Tear ot 
PuWl 
cation 

Author 

Place 

Number 

of 

Cases 

Period 

Studied 

Mortality, 
per Cent 

19M 

Adams ’ 

London Hospital 

230 

1919 1923 

200 

1925 

Love® 

St Thomas' Hospital 

187 

1919 1923 

29 4 

1927 

Colp» 

Mount Sinai Hospital 
New Tort 

359 

1916-1926 

20 0 

1928 

Quain and Waldschmldt 

Blsmarct, N D 

IGO 

1919 1927 

10 0 

1932 

Sworn and Fitzgibbon“ 

St Thomas’ Hospital 

231 

1920-1929 

20 0 

1933 

Bauer 

General Hospital, 
Malmo, Sweden 

5C9 

1909 1930 

10 7 

1933 

Walter 

Boston City Hospital 

204 

1927 1930 

118 

1934 

Bower JAMA 103- 
813 (March 17) 1934 

Philadelphia Hospitals 

2,118 

1928 1932 

27 47 

1934 

Potter 

Bellevue Hospital, 

I Division, New Tort 

63 

1920 1931 

350 

1934 

Potter 

Bellevue Hospital, 

I Division, New Tort 

20 

July 1931 to 
Peb 1934 

16 0 


higher (Finney,- 22 08 per cent, Ashhmst,® 16 1 per cent, and Black,^® 
18 per cent) On the other hand, there are other personal series which 
are considerably lower (Dixon,® 104 per cent, Gueriy,’^ 8 2 per cent 
[16 per cent for the group in which operation was not performed], 
and Stoney,^ 8 1 per cent) 

Analysis of Deaths — The analysis of deaths and comments on pos- 
sible means of mortality reduction in this very interesting and important 
group will be presented in detail in another paper However, one may 
state that the outstanding measures of lowering the death rate in this 
particular group are adequate preoperatne preparation, proper choice 
of anesthesia, the simplest operative procedure with minimum trauma. 


14 Potter PC (a) S Clin North America 14 379 (April) 1934, fh) 
Ann Surg 99 985 (June) 1934 

15 Walker, I J New England J Med 208 113 (Jan 19) 1933 

16 Black, J M Brit J M 2 1136 (Dec 24) 1932 
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speed (but not at the sacnhce of caie and precision) and thoughtfull} 
planned postoperatn e measines directed paiticulaily against shock, dis- 
tention and paialjtic ileus and toxemia fiom an overwhelming infection 
The recent papeis b> Jones, advocating appendicostomy, and by Easton 
and Watson, advising cecostomy oi enterostomy, will be discussed in a 
later report Here too, the tieatments should be grouped together, so 
that the patient may obtain lest and sleep between times The impor- 
tance of team-work with the senior attending surgeons in the manage- 
ment of these cases cannot be too strongl) emphasized 

GROOP S ACUTE APPENDICITIS WITH ACUTE GENERALIZED 
FIBRINOPURLLENT PERITONITIS 

Definition — Fortunately, only a few cases belong to this group 
The condition repiesents the terminal stage of an uncontrolled, diffuse 
or spreading peiitonitis When one opeiates m such a case the patho- 
logic process presents itself about as follows There is edema of the 
deeper portions of the lectus abdominis muscle or the transversahs 
abdominis muscle, or both The properitoneal tissues and transversahs 
fascia are likewise edematous and congested The parietal peritoneum 
IS thickened because of marked edema, injection and deposition of 
fibrin, these fibrinous areas often represent sites of adhesions between 
the parietal peritoneum and the abdominal \ iscera The latter are like- 
wise intensely inflamed, and the serosa no longer retains its smooth 
glistening surface but now appears red, roughened and angry Fibrinous 
plaques and adhesions are seen ever) where between adjacent structures, 
and if these are separated, there will remain a bleeding, torn, friable, 
shagg}" surface Not only is there pus containing flakes of fibrin 
throughout the peritoneal cavity, but in addition the many adhesions 
tend to enclose small collections of similar exudate The pus inaj be 
thick or thin and pale or creamy or blood-tinged, it sometimes has a 
strong, foul odor, and on other occasions it may be relatively odorless, 
m a few instances it has been described as producing a peculiar fishy 
smell The appendix may have completely sloughed away, and frag- 
ments of it are sometimes floating in the purulent exudate Evidences 
of previous earlier abscess formation may still be seen, and m certain 
instances one can detect the point of rupture with subsequent spreading 
and ultimate fibnnopui ulent peritonitis The intestinal coils are con- 
siderably dilated, as a rule, and the mesentery exhibits marked thick- 
ening from edema and infection The mesenteric serosa is extremely 
friable and bleeds if torn The mesenteric blood vessels, especially the 
\ ems, may be undergoing extensive thrombosis There is almost always 
considerable retroperitoneal cellulitis m the vicinity of the appendix 

Moi tahiy Rate — Of 25 patients i\ith conditions of this type on whom 
operation vas performed during the eighteen years of the present stud) 
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only 3 siuvned, pioducing a total a\eiage moitalit} late of 88 pei cent 
The figuies in tables 13 and 14 speak foi themsehes so that it is 
unnecessaiy to fiiinish mortality giaphs 


Table \Z— Annual Uloitahtv Rates in Cases of Acute 4fficndicttis with Acute 
Pioqtcssixc Fibi inofnit ulent Ptiitonitis at the Pi eslntci lan Hospital 



Number of 

Number of 

Mortaht\ 

lear 

Cases 

Deaths 

per Cent 

1916 

0 

0 

0 

1917 


1 

100 

191S 

0 

0 

0 

1919 

4 

4 

100 

i320 

1 

I 

100 

1921 

2 

1 

„0 

1922 

1 

1 

100 

1923 

2 

1 

sO 

1924 

2 

•> 

100 

192o 

0 

0 

0 

1926 

0 

0 

0 

1927 

s 

3 

100 

192S 

2 

2 

100 

1929 

1 

1 

100 

1930 

2 

2 

100 

1931 

1 

1 

100 

1932 

0 

0 

0 

1933 

3 

2 

cc 

Total 

25 

22 

8S 


Table 14 — Pi ogi cssivc Five Ycai Axciagc Moitahty Rates in Cases of Acute 
Appendicitis with Acute Pi oqi cssivc ribrinopui ulent Pciitonitis at tiu 

Pi csbvtcnan Hospital 


Number of Number of 

Mortnlitj, 

Tear 

Cases 

Deaths 

per Cent 

1916-1920 

6 

6 

100 0 

1917-1921 

8 

7 

87 5 

1918-1922 

8 

7 

87 5 

1919-1923 

10 

s 

80 0 

1920-1924 

8 

6 

75 0 

1921-1925 

7 

5 

71 42 

1922-1926 

5 

4 

80 0 

1923-1927 

7 

6 

85 71 

1924-1928 



100 0 

1925-1929 

G 

G 

100 0 

1926-1930 

8 

8 

100 0 

1927-1931 

9 

9 

100 0 

1928-1932 

0 

6 

100 0 

1929-1933 

7 

6 

85 71 


Compai alive Study — Walkei reported a death late of 333 per 

cent, Guerry ^ (personal series) gave the same figure, and Potter 

showed an aveiage of 83 3 per cent (1920-1934, six cases with five 
deaths) 


Analysis of Deaths —The 22 patients \%ho died were almost equally distributed 
ween le two sexes, 12 being males The average age was 41, and there were 
y patients under 30 jears The ^ou^gest was 7 Here again the highest 
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incidence fell into the fifth, sixth and seventh decades The duration of the present 
illness varied from two days to eleven days, but most of the patients had a history 
of illness of two, three or four days' duration The average duration was three 
and eight-tenths days Three patients had an existing infection of the upper 
respiratory tract at the time of their admission, and another had active pulmonary 
tuberculosis One patient had undergone an operation for acute osteomyelitis five 
days before and two days later complained of cramps in the lower portion of the 
abdomen and vomiting The symptoms and signs were quite confusing, and it 
was only after general abdominal tenderness and rigidity de\ eloped that an acute 
abdominal condition requiring operation was recognized Interestinglj enough, the 
culture from the peritoneal exudate grew a different organism from that of the 
previous acute infection of the bone In most of the cases a general anesthetic 
was used, especially the combination of nitrous oxide and ether Local anesthesia 
was used only twice, and 3 other patients receded spinal anesthesia The duration 
of the operation varied from twenty to forty minutes in the majority of instances 
Appendectomy was performed in 14 cases and enterostomy or jejunostomy in 5 
Cecostomy was performed once The postoperatne complications \vere almost 
always severe The overwhelming nature of the infection, with toxemia, distention 
and paralytic ileus, served to terminate life within a few hours or sometimes in 
one, two or three days Fourteen patients died from general sepsis , 9 had marked 
distention and a paralytic ileus Severe shock developed in 8, and acute gastric 
dilatation occurred in 4 Pulmonary edema was a terminal complication m 4 cases 
and pneumonitis in 7 others There was complete urinary suppression m 3 Two 
patients died on the operating table Secondary peritoneal abscess is recorded 
only once, because almost all these patients died shortly after the operation Only 
4 lived longer than three days One patient died on the fifth day from urinary 
suppression, and at that time the peritoneal infection seemed to be controlled The 
second patient, a boy of 14, lived eighteen days, pertomtis had subsided, but he 
failed to cooperate, and his activities provoked disruption of the wound This was 
followed by severe secondary hemorrhage, resulting in shock and death in spite 
of several transfusions In a third patient, the stormv postoperativ’e period of 
distention and gastric dilatation had been surmounted The patient seemed to be 
recovering, but at the beginning of the second week high fever developed, and the 
blood culture yielded a pure growth of the colon bacillus Death interv etied on the 
thirteenth day The fourth patient had survived the severe reaction of the first 
week only to have an ischiorectal abscess develop, which was incised and drained 
on the sixteenth day Once again it appeared that he would recover, but on the 
twenty-fifth day there were signs of peritoneal abscess It was drained through 
the old incision, but the patient failed to respond to supportive measures and died 
on the thirty-fourth day He was 60 years old 

The treatment of these patients is extremely difficult because it 
requires careful judgment, based on experience One must guard 
against too much therapy, yet it must be well directed against gastro- 
intestinal, pulmonary and uunary complications The propei choice of an 
anesthetic is extremely important here , perhaps spinal and local anesthesia 
could be employed a little oftener Preoperative gastric lavage and clysis 
with saline solution before or during the operation are helpful m 
patients with marked distention and ileus The operation should be done 
quickly, with the least possible trauma, and in most instances it is prob- 
ably unwise to remove the appendix One should be content to drain 
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the original focus or abscess and do no moie If the coils aie maikedly 
distended, jejimostomy or enterostomy can be quickly executed, and 
such a piocedure should not be postponed until the patient is hopelessly 
beyond help The postoperative care should consist of periods of ade- 
quate tieatment, interspersed with several hours of sleep and lest, these 
sick patients cannot combat their infection without rest and plenty of it 
Large amounts of fluids are most important, especially saline solution 
intravenously or subcutaneously, in order to supplant the loss of electio- 
lytes incurred by the ileus and vomiting The continuous intravenous 
drip IS useful, but there is a real danger of giving too much, as this 
may precipitate acute pulmonai}'' edema The daily intake and output 
should be carefully recorded The use of the nasal gavage tube will often 
prevent gastric dilatation resulting from regurgitation into the stomach 
of the contents of the duodenum and upper part of the intestine 
Distention and paralytic ileus may be extremely difficult to handle, and 
the frequent use of abdominal poultices and the rectal tube, together 
with certain carminative enemas, may control it Solution of pituitary 
or pitressm may be given with these tieatments Certainly there can 
be no danger of spreading the peritoneal infection any fuither I have 
not been impressed with the effects of pitressm in cases of extensive 
peritoneal infection or of pronounced paralytic ileus Transfusions and 
stimulants should be used before shock or collapse develops The 
patients are probably more comfortable in a low or medium gatch posi- 
tion, and It IS well to turn them at intervals as one means of preventing 
pneumonia and pressure sores Hypertonic solution of dextrose (10 
per cent) blood transfusions and hot colonic irrigations may be employed 
to combat renal suppression, although recently there is evidence at hand 
to indicate that saline solution is sometimes more efficacious than hyper- 
tonic dextrose solution If the patient can be carried over this critical 
period, then one must prepare to meet other complications, such as 
secondary peritoneal abscesses, p 3 ^ 1 ephlebitis, subphrenic and hepatic 
abscess, hemorrhage and the lighting up of some latent disease process, 
such as pulmonary tuberculosis The surgeon, therefore, should 
always endeavor to maintain a clear mental picture of the various 

16a Since this paper was written, some encouraging results have been obtained 
in cases with se^ere peritonitis and paralytic ileus by the combined use of the 
together with intravenous drip or infusion of a solution of 
AQUEOUS sodium chloride solution, as recommended by Dr Sterling 
Mueller at the Bellevue Hospital, New York It is prepared by adding 100 cc 
o 98 per cent alcohol to 900 cc of physiologic solution of sodium chloride The 
nasa tube is connected to a water-suction apparatus so as to exert slight, con- 
tinuous suction This treatment will probably cut down the indications for 
jejunostomy for paraljtic ileus In a few cases it resulted in a striking and 
dramatic change m the patient nithm from twehe to twenty-four hours The 
use of this alcoholic solution in saline usualh results in a local thrombosis of the 
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disease processes that are taking place and to gne them their propei 
intei pretation In this manner his treatment will be lational and well 
directed and should Aield the maximum benefit to his patient There 
are, in addition, ceitam othei pie\enti\e meastiies which will be dis- 
cussed a little later 

Cases of Swvival — The cases o£ the 3 patients who sur\i\ed deser\e brief men- 
tion The first patient was a 12 j^ear old bo> with a history of illness of sixty 
hours’ duration A da\ after the onset of his illness, he took magnesium citrate On 
admission, he looked acutely ill, and had a temperature of 103 F and a pulse rate 
of 130 The abdomen was rigid throughout, and there was diffuse tenderness, 



Chart 9 — Graph showing the total annual death rate from 1916 to 1933, inclu- 
sive, in 2,653 cases of acute appendicitis with its associated lesions The total 
number of deaths was 135, the total mortaliU rate, 5 08 per cent 
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Chart 10 — Graph for comparison with that in chart 9, showing the total pro- 
gressive five year average death rate from 1916 to 1933, mclusne, in the same 
group of cases of acute appendicitis W’lth its associated lesions 
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perhaps a little more marked in the right low er quadrant and the suprapubic region 
Rectal examination revealed tenderness high up on the right side The white blood 
cells numbered 10,200, wuth 76 per cent imlymorphonuclears The pathologic proc- 
ess at operation w'as typical of acute progresswe fibnnopurulent peritonitis The 
appendix was procecal and entirely'^ gangrenous Culture of the pus showed Bacillus 
acidi'lactici. Bacillus faecalis-alkaligenes, Streptococcus faecahs and a gram-negative 
bacillus A soft rubber tube was placed m the pelvis, and a cigaret dram w’as ear- 
ned to the ileocecal region and another to the right lumbar gutter There was a 
moderate reaction but no distention and only slight 3omiting Aside from the use 
of a poultice and a rectal tube, no rectal treatment w as gi\ en until the se3 entn day , 
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when the patient received an enema Dailj h} podernioclj^ses and infusions were 
administered Not a single complication developed The patient was out of bed 
on the eighteenth da^ after operation and went home on the twenh -third dav A 
three ^ear follow-up studj showed him to be m excellent condition, s\ mptom-f ree, 
w'lth a firm scar 

The second case w as similar to the first The boy w'as 12 j ears old and gave 
a historj’’ of illness of fi^e davs’ duration He also took a strong cathartic a daj 
after the onset of svmptoms, following which his mother gare his abdomen a 
massage ' The pains w ere first m the low'er portion of the abdomen , then the\ 
localized on the right side, and finally they became generalized The bov looked 
acutely ill and had a temperature of 103 4 F and a pulse rate of 120 There were 
general abdominal rigidity and tenderness as well as rebound tenderness The 
w'hite blood cells numbered 20,000 with 96 per cent polymorphonuclears At opera- 
tion the appendix was as large as a man’s thumb, and the distal third w'as w'rapped 
m omentum The pathologic process W'as one of acute progressive fibrmopurulent 
peritonitis The nonhemohtic streptococcus and Bacillus lactis-aerogenes were cul- 
tured from the pus One soft rubber tube and a cigaret dram w’ere placed m 
the pehis, and another soft rubber tube was carried to the right lumbar gutter The 
patient reacted w'ell There w'as no vomiting and practicallv no distention The 
first rectal treatment w^as given on the third dav Hv podermoclv sis and infusion 
were given dailv Signs of a residual abscess m the left lower quadrant developed 
on the sixteenth day, but it seemed to resolve five dajs later The patient was 
out of bed on the tw'enty-first dav and went home on the thirtieth dav He was 
last seen at the follow-up clinic nineteen months after his operation, m good con- 
dition, with no complaints and with a firm scar 

The third case was that of a 22 jear old man, with a historv of illness of four 
days’ duration Following the onset of generalized abdominal cramps, he purged 
himself with salts and then proceeded to take three successive doses of castor oil 
f including a double dose') There was no nausea or vomiting He returned to 
work on the third day of his illness and went to a baseball game on the da} of 
admission He then consumed a large supper, and only because he vomited about 
an hour later did his mother bring him to the hospital He looked very ill The 
temperature was 102 4 F , and the pulse rate, 130 The abdomen was boardlike, 
yet the patient did not complain of tenderness an} where, even on deep palpation 
There was also absence of rebound tenderness There was slight tenderness on 
rectal examination, high up anteriorly in the midline The white blood cells num- 
bered 12,700, with 74 per cent polymorphonuclears At operation, one recognized 
t}pical progressive fibrmopurulent peritonitis The omentum had covered the 
appendix, which was completely gangrenous and had perforated About 1J4 quarts 
of pus was aspirated Only one organism grew from the culture, Bacillus coli- 
communis One cigaret dram was introduced into the pelv'is and another at 
die site of the appendix There was a rather marked reaction but no vomiting 
itressin, with the use of a poultice and a rectal tube, was given ev^ery four hours 
or three da}s, and this served to control the slight distention Colonic lav'ages 
vv ere administered a few times, and the patient received hypodermoch sis and infu- 
sion dai } The temperature was normal on the eighth da}’^ All drams w^ere 
remov e on the elev enth day On the thirt} -third dav”^ he was out of bed, and 
le went lorne three days later It is only five months since his operation, but so 
tar the results have been entirelv satisfactory 

The reader will observe that the patients who survived were males 
2 ho}s and a toung man All took cathartics In two instances the 
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total white cell count was relatively low, and the differential count was 
only slightly elevated All patients had a surprisingly smooth post- 
operative course The follow-up study, to date, has revealed most 
satisfactory results 


Tabie is — Total Annual Mottahiy Rates tn All Cases of Acute Appendicitis and 
Associated Lesions at the Presbyterian Hospital 



Number of 

Number of 

Mortality, 

Year 

Oases 

Deaths 

per Cent 

1916 

128 

9 

7 03 

1917 

128 

5 

390 

1918 

135 

4 

288 

1919 

133 

13 

9 77 

1920 

155 

14 

903 

1921 

150 

7 

4 60 

1922 

142 

15 

10 50 

1923 

167 

C 

3 69 

1924 

147 

12 

816 

1925 

122 

2 

1 63 

1926 

189 

6 

4 31 

1927 

131 

6 

4 58 

1928 

134 

6 

4 47 

1929 

159 

5 

314 

1930 

164 

10 

6 49 

1931 

149 

5 

335 

1932 

188 

6 

319 

1933 

192 

4 

2 08 

Total 

2,053 

135 

5 08 


Table 16— Progiesswe Five Ycai Avciage Mortality Rates in All Cases of Acute 


Appendicitis and Associated Lesions at the Presbyterian Hospital 


Number of 

Number of 

Mortality, 

Years 

Oases 

Deaths 

per Cent 

1916-1920 

679 

45 

6 62 

1917-1921 

701 

43 

613 

1918-1922 

715 

53 

7 4l 

1919-1923 

747 

55 

7 36 

1926-1924 

761 

64 

709 

1921-1925 

728 

42 

6 76 

1022-1926 

717 

41 

6 71 

1923-1927 

706 

32 

453 

1924-1928 

673 

32 

4 75 

1925-1929 

686 

25 

3 64 

1926-1930 

717 

S3 

4 60 

1927-1931 

727 

32 

4 40 

1928-1932 

784 

32 

4 08 

1929-1933 

842 

30 

3 66 


TOTAL MORTALITY RATE FOR GROUPS I TO S 

Table IS and charts 9 and 10 are probably the most interesting 
of those shown, because they represent the total mortality rate m cases of 
acute appendicitis and its associated lesions Whereas there is a cer- 
tain factor of error in the data in the previous tables (as mentioned 
in the beginning of this report), the figures presented in tables 15 and 16 
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can be considered accurate The total death rate has diminished m the 
past three yeais, and for 1933 (2 08 per cent) it is close to the record 
low level of 1925 (1 63 per cent) The progressive five year average 
of the total annual death rate shows a slight but definite decrease in the 
past seven periods as compaied to the seven earlier ones (chart 10) 
The most recent one (1929 through 1933) discloses a record low level 


Table 17 — Total Moitahty Rates in Seitcs of Cases of Acute Appendicitis and 
Associated Lesions Rcpoitcd in the Literature 


Tear of 
Publl 
cation 

Author 

Place 

Number 

of 

Cases 

Period 

Studied 

Mortality, 
per Cent 

1923 

Lower and Jones JAM 

A 81 - C29 (Aug 25) 1923 

Cleveland 

2 067 

Not stated 

31 

1924 

Deaver and Magoun Ann 
Surg 79 854, 1924 

Lankenau Hospital 
Philadelphia 

5,488 

1900 1920 

50 

1925 

Adams i 

London Hospital 

1,677 

1919 1923 

58 

1925 

Love ® 

St Thomas’ Hospital 

901 

1919 1923 

84 

1927 

Colp ® 

Mount Sinai Hospitai 
New Torlc 

2,841 

1916-1926 

52 

192S 

Wceden Ann Surg 8S 

76, 1928 

New \ork Hospital 

1,588 

1914 1927 

49 

1931 

Miller J Coll Surg Aus 
tralasia 3 40, 1931 

Touro Infirmary and 
Charity Hospital, 

New Orleans 

2,415 

1924 1929 

99 

1931 

McDonald Minnesota Med 

14 212, 1931 

St Mary’s and St Luke’s 
hospitals, Duluth, Minn 

1,574 

1925-1930 

4 5 

1932 

Boland J A M A 99 

443 (Aug 6) 1932 

Atlanta hospitals 

4 270 

1927 1932 

44 

1932 

Raynor Proc Roy Soo 
Med 26 181, 1932 

Manchester Royal 
Infirmary 

1,877 

1928-1931 

50 

1932 

Colt and Morrison Brit 

J Surg 20 . 197, 1932 

Aberdeen Royal 
Infirmary 

1,349 

1911 1930 

5 5 

1933 

Bauer “ 

General Hospital, 

Mahno, Sweden 

5,208 

1903 1930 

33 

1933 

Walker i"” 

Boston City Hospital 

2,100 

1927 1930 

58 

1934 

Bower JAMA 102 

813 (March 17) 1934 

Philadelphia hospitals 

14,904 

1928 1932 

4 79 

1934 

Kuttall Brit J Surg 21 
411, 1934 

Liverpool Royal 
Infirmary 

551 

Not stated 

25 

1934 

Oarlock Am J Surg 23 
248, 1934 

New York Hospital, 

H Division 

1,188 

1921 July 
1932 

47 

1934 

Keyes Ann Surg 99 

47, 1934 

Barnes and St Louis 
Children’s hospitals 

1,099 

1915 1932 

50 

1934 

Quain Arch Surg 28 

782 (April) 1934 

Bismarck N D 

1,000 

Sept 1927 to 
Oct 1932 

38 


of 3 56 per cent, which is 1 5 per cent lower than that of the complete 
total of 2,653 cases with a mortality of 5 08 per cent 

This compares favorably with total mortality statistics in other hos- 
pitals (table 17) Some of the personal series had lower rates, for 
example Guerry,^ 1 1 per cent , Stoney,* 2 5 per cent , Hawe,® 4 per 
cent , Dixon,® 1 52 per cent , F Angel and E Angel,®'' 2 2 per cent, and 
Greenwood,®® 0 per cent , (Greenwood cited a series of 206 cases covering 


17 Angel, F , and Angel, E South Med & Surg 95 87 (Feb ) 1933 

18 Greenwood, H H Lancet 1 973 (Maj- 11) 1929 
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a two year period only) Othei authois reporting on personal senes, or 
those representing cases observed by a small limited group of surgeons, 
submit mortality rates close to those of the Presbyterian Hospital 
Finney,- 4 92 pei cent a few others give a higher rate, as Eliason and 
Ferguson,^® 5 3 per cent and Warren,-® 6 per cent 

Chart 11 shows the curves of the five year a\eiages in groups 1 
to 4 and also that of the total mortality curve from 1916 to 1933 
inclusive, thus enabling the reader to appreciate the relationships of the 
different groups to each other 



Chart 11 — Graph showing the progressive five year average mortality curve 
from 1916 to 1933 for groups 1 to 4 and also the total progressne five jear 
average mortality rate m all cases of acute appendicitis and its associated lesions 
Curve I represents the cases of acute appendicitis, 11, the cases of acute appendicitis 
with acute local peritonitis, III, the cases of acute appendicitis with peritoneal 
abscess, IV, the cases of acute appendicitis with acute diffuse peritonitis, and V, 
the total progressive five v ear average mortality rate of all cases of acute 
appendicitis and its associated lesions 

COMMENT 

The general mortality rate for acute appendicitis and its associated 
lesions at the Presbyterian Hospital has definitely declined In separating 


19 Eliason, E L, and Ferguson, L K Ann Surg 88 65 (July) 1928 

20 Warren, R Lancet 2 16 (July 6) 1929 
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The original work on stainless steels \\ as done by Breariey, Haynes, 
Cox, Hatch and Furness, and the generic term stainless steel was 
applied to the steel covered b} their patents These early steels con- 
tained chromium alone The chrome-nickel steels nere of a later 
vintage Popular usage lias caused all corrosion-resisting steels to be 
knoun as rustless steel regardless of their chromium or nickel content 
From the almost innumerable \aneties of rustless steels three Mere 
chosen Mhich are faiil} representatu e of the group The first is high 
in chromium content m ith nickel entire!}’- absent It m ill henceforth be 
designated as nickel-free lustless steel The approximate composition 
IS as folloMs 


Substance 

Percentage 

Carbon 

0 10, maximum 

^Manganese 

0 30-060 

Silicon 

0 30-0 50 

Phosphorus 

003, maxiiiium 

Sulfur 

0 30-0 45 

Moh bdenum 

0 55 (approximate) 

Chromium 

14 00-15 50 


The second alloy chosen is Iom in chomium content and high in 
nickel content, the proportion being about 13 It is termed high nickel 
rustless steel in this text The appioximate composition is as folloM'S 


Substance 

Carbon 

Manganese 

Phosphorus 

Sulfur 

Silicon 

Copper 

Chromium 

Nickel 


Percentage 
0 300- 0 50 
0 600- 0 90 
0035 

0 035 

1 250- 1 SO 
1 000- 1 50 
7 500- 9 00 

21 500-23 50 


The thud alloy tested is high m chromium content and Iom in nickel 
content, the proportion being about 2 1 For this reason it is called 
loM' nickel rustless steel The approximate composition is as folloMS 


Substance 

Percentage 

Carbon 

0700, maximum 

Manganese 

0400- 0 65 

Phosphorus 

0035 

Sulfur 

0035 

Silicon 

0 300- 0 75 

Nickel 

8000- 9 50 

Chromium 

17 500-19 00 
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Low nickel rustless steel showed a reaction but one of greatly diminished 
intensity when compared with that of the first two allo\s described The zone 
of reaction was extremely narrow Microscopically, the defect was lined by a 
thick fibrous tissue laver which showed marked hyperemia There was a small 
amount of hemorrhage accompanied by slight lymphocytic infiltration The bony 
trabeculae immediately adjacent to the defect showed rarefaction by osteoclasis 



Fig 6 — A, high power photomicrograph, showing reaction of bone to low 
nickel rustless steel after the tack remained thirty dajs in the tibia B, low power 
photomicrograph, indicating almost complete absence of a fibrous capsule, i mark- 
ing the site shown m A This demonstrates a lesser amount of cellular reaction 
and generalized fibrous osteitis in medullary spaces, retention of trabecular struc- 
ture and minimal destruction of bone 


The marrow throughout the entire section showed extensne fibrosis, some h\per- 
emia with small hemorrhages and a scanty Ij'mphocjtic infiltration The general 
picture resembled that of fibrous osteitis 
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Dog 3 — ^This animal was a large male “bull-police” dog, 3 jears old, weighing 
27 Kg 

The internal surfaces of both tibias were exposed for a distance of about 2j4 
inches (6 4 cm ), and four drill holes w'ere made Yz inch (13 cm ) apart, m the 
longitudinal plane The tacks on both sides from above downward were, m 
order of appearance vanadium steel tack, nickel-free rustless steel tack, low nickel 
rustless steel tack and high nickel rustless steel tack These were allowed to 
remain in place for fortv davs 



Fig 1 —Roentgenograms of (A) both femurs and (B) both tibias of dog 1, 
taken thirtv davs after the insertion of the tacks There is a marked periosteal 
reaction in the left tibia about a vanadium steel tack, with no demonstrable roent- 
genographic reaction about the other tacks 

Dogs 4 and 5 — The studies on these animals were started at the same time 
as the experiment on dog 3 and were performed in an exactlv similar manner 
Four tacks were placed m the central portions ot both tibias of these dogs At 
the time that dog 3 was killed certain phenomena of loss of weight of the metal 
were becoming apparent It was deemed inadvisable to kill the dogs at this time, 
without the insertion of more samples 
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that the exact chemical composition of anj’’ metal used for osteosynthesis 
should be know n This is true for two reasons, namely, that comparable 
experimental results by different observers demand this knowledge and 
that alloys of the same generic name may vary so widely m chemical 
composition as to give entirely dissimilar physiologic effects The 
stellite or “rustless steel” used by Zierold was erroneously assumed to 
be a chrome or chrome-nickel alloy The exact formula for a number 
of stellites was obtained only after prolonged investigation by the 
Haynes Stellite Compnay and after the conclusion of this experiment 
Misapprehension as to the “rustless steel” used by Zierold has been 
shared generally, as the one m common use is an alloy of an entirely 
different composition and one that corrodes easily m bone The original 
stellite used m his experiments is probably as nonirntant as the chrome- 
nickel alloys, as it resists corrosion m Ringer’s solution quite as 
effectively 

The second postulate is that the reaction of metal to bone should 
be studied as well as the reaction of bone to metal A metal should 
not be used for osteosynthesis w'hich corrodes rapidly m body fluids 
The simple test of first immersing it m Ringer’s solution is one that 
should precede m -^uo experiments or clinical use It is significant and 
important clinicall} that the major portion of the loss of weight occurs 
earl) It is during this period that fixation of bone becomes unstable 
The joint effects of shrinkage of the prosthesis and of bone necrosis 
occur at the \ery period when firm support is most desired 

The portion of the experiment on the reaction of bone (third postu- 
late) IS incomplete Undoubtedlj', certain metals are relativel) or com- 
pletely nonirntant to the individual osteoblasts and fibroblasts The 
opinion persists that the mass of a foreign body may be sufficient to 
interfere with the blood suppl}% causing reaction m %arying degree 
The experiment will be continued in an attempt to test the reaction of 
bone to objects of graded sizes 

It follows that all the mentioned factors are equally concerned in 
causing the complex set of phenomena which have been designated 
bone-metal interaction The results of this experiment permit certain 
suppositions as to the tram of events Loss of w’eight of metal proceeds 
at a more rapid rate m bone than in Ringer’s solution This indicates 
that there is an additional factor wflnch adds to the effect produced 
by the electrohtes contained m the tissue fluids The accelerated rate 
of corrosion in m\o is probably due to the defensne reactions set up in 
the richh cellular bone marrow \\ ith increasing corrosion and precipi- 
tation of irritant particles there is greater reaction of bone The circle is 
finall} broken with the formation of a fibrous tissue capsule and the 
complete enc\ stinent of the foreign bod\ The end-result is a corroded 
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Table 1 — Loss of Weight of I anadiiim Steel 





W eight of Tack, Gra 







f ^ 


Percent 






Before 

■Viter 

age of Daj“ in 

Pm 

Dog 

Bone 

Insertion Rcmoial 

Boss 

Bone 

Comment 

1 

4 

Tibia 

0 242 

0 221 

S60 

75 

Profuse hemorrhage from mar 








TOW 

2* 

4 

Tibia 

OS'd 

0 231 

7 SO 

75 

Extruded from hone 

3» 

3 

Tibia 

0256 

0 235 

8 20 

40 

Heavy periosteal oiergroath 

i* 

3 

Tibm 

0 262 

0 2^5 

10 ^0 

40 

Taciv injured in remoial, hcaij 








overgrowth of bone 

5’ 

5 

Tibia 

0 262 

0 241 

10 20 

75 

Tack injured m remoi il dense 








osteoperiosteal oiergrowth 

6 

5 

Tibia 

0 264 

0 244 

760 

75 

Dense osteoperiosteal overgrowth 

7 

4 

Femur 

0 275 

0 255 

7 20 

30 

Slight pcnostcal oiergrowth 

s 

4 

Femur 

0 278 

0254 

860 

oO 

Slight periosteal overgronth 

S3 

5 

Humerus 

0200 

0181 

9 50 

30 

Cotcred with soft loose penos 








tcum 

34 

5 

Femur 

0 209 

0 185 

10 00 

30 

Slight periosteal oiergrowth 

30 

2 

Femur 

0 231 

0 210 

000 

30 

Slight periosteal overgronth 

39 

1 

Tibia 

0 297 

0 2.7 

6 .6 

30 

Slight pcnostctl oicrgrowth 

« 

E\eludcd from the 

final computation 

' 





Table 2- 

—Loss of JVeight of NtikA-Eite Rustless Steel 




5\ eight of lack Gm 










Percent 






Before 

■Vftcr 

age of Dais in 

Pm 

Dog 

Bone 

Insertion Rcmoial 

Loss 

Bone 

Comment 

9 

4 

Tibia 

0 270 

0 254 

790 

75 

Slight periosteal reaction 

10 

4 

Tibia 

0 279 

0256 

8 10 

7 ? 

Pcrio'tcal overgron th 

11 

3 

Tibia 

0 272 

0 245 

990 

40 

Osteoperiosteal overgrowth 

12* 

3 

Tibia 

0 269 

0 245 

890 

40 

Extruded from the bone 

13 

5 

libia 

0 275 

0 2j4 

7 00 

75 

Dense osteoperiosteal overgron th 

14 

5 

Tibia 

0 2a0 

0 274 

190 

75 

Dense osteoperiosteal overgrowth 

15* 

4 

Femur 

OKj 

0 205 

700 

30 

Extruded from the bone 

16 

4 

Femur 

0 272 

0 267 

170 

SO 

Slight periosteal reaction 

40* 

5 

Tibia 

0 221 

0220 

067 

SO 

Extruded from the bom 

41 

5 

Humerus 

0 241 

0 230 

4 70 

"0 

Penosteal overgrowth 

42 

2 

Femur 

0 252 

0 2d 

019 

"0 

Slight periosteal reaction 

45 

1 

Tibia 

0291 

0 270 

7 21 

,.0 

Slight penosteal reaction 

* F\clucle(I from the final computation 




Tabie 3- 

-Loss of JJ' eight of High Nickel Rustkss Steel 

Pm 

Dog 

Bone 

Weight of Tack, Gm 

f — > 

Before After 
Insertion Removal 

Percent 
age of Dajs in 

Loss Bone Comment 

17* 

4 

Tihia 

0 242 

0 241 

0 20 

75 

Extruded from the bone 

IS* 

4 

Tibia 

0 245 

0 2.38 

2 80 

75 

Tack injured in removal, pen 

19 

g 

Tibia 

0 240 

0 245 

ICO 

40 

O'teal overgrowth 

Thin bonj overgrowth 

20 

3 

Tibia 

0 251 

0 240 

218 

40 

Dense penosteal overgrowth 

21 

5 

Tibia 

0 256 

0 2-55 

0 39 

75 

Slight penosteal reaction 

22 

3 

Tibia 

0 257 

0 254 

1 0 

75 

Slight penosteal reaction 

23 

4 

Humerus 

0 259 

0 251 

1 70 

30 

Slight penosteal reaction 

24 

4 

Humerus 

0 200 

0 260 

0 

SO 

8hght penosteal reaction 

46* 

5 

Femur 

0 220 

0 216 

1 SO 

30 

Extruded from the bone 

47* 

5 

Femur 

0 228 

0 228 

0 

"0 

Extruded from the bone 

4S* 

2 

Tibia 

0 232 

0 220 

2 79 

30 

Tack injured in removal 

52 

1 

Femur 

013S 

0 234 

1 ss 

30 

Slight periostea! reaction 


• E\cluiied from the final computation 






TRUE HOUR-GLASS BLADDER 


A CONSIDERATION OF ITS ETIOLOGY AND TREATMENT 
J S EISENSTAEDT, MD 

AND 

T G McDOUGALL, MD 

CHICAGO 

The term houi -glass bladder has been used to designate a number 
of difterent pathologic and clinical entities In this communication we 
shall not consider those cases included in Blum’s ^ classification under 
type III, namely, the acquired variety due and subsequent to seveie 
trauma, ulceration, operation, cicatricial contraction, tuberculosis oi 
other inflammatory processes We shall likewise not consider those 
cases of diverticula of the bladder eironeoiisly reported as hour-glass 
bladder The patient whom we have studied and operated on presented 
what Kretschmei and Moms - have called a true hour-glass bladder, 
regarding which there are but few leports m the literature Young® 
described the condition as “one m which the bladder is circularly con- 
stricted and divided into two portions with a narrow canal of communi- 
cation as in an hour-glass ” He stated that he had operated on a patient 
in whom the circle of contiacture passed across the posterior wall of 
the bladder at least 1 inch (2 5 cm ) behind the trigon It is this type, 
m which the ureteis enter the lower chamber of the bladder, which we 
are to describe and relating to which there aie authentic lepoits by 
Fothergill,* Passow,® Muller,® Caulk,' Kretschmer and Moms® and 
Young® Certain other lepoits do not state into which chamber the 
meters entered and must therefore be excluded from this category 

1 Blum, V Chirurgische Pathologic und Therapie der Harnblasenduer- 
tikel, ed 2, Leipzig, Georg Thieme, 1929, p 58 

2 Kretschmer, H L , and Morns, H L J Urologj 10 181 (Aug ) 1923 

3 Young, Hugh, and Daiis, D M Young’s Practice of Urologj, Phila- 
delphia, W B Saunders Compam, 1926, vol 2, p 371 

4 Fothergill Mem Neurol Soc London, lol 1, 1878, quoted bj Caulk' 

5 Passow De hrpertrophia panetum \esicae urmae, Inaug Dissert, Vratis- 
laiiae, 1848, quoted M Caulk ' 

6 Muller, B Em Fall %on Missbildung am Beckenteil des weiblichen uro- 
genital Apparates, Inaug Dissert, klarburg, 1895 

7 Caulk, John R Ann Surg 71 22 (Jan ) 1920 
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ARCHIVES OF SURGERY 


Cases of true hour-glass bladdei m Avhich the ureters entered the upper 
chamber haA e been repoi ted by Fullei Detweiler ® and Cutter 

This apparently rare anomaly has more than an academic interest 
for the urologist because of the need of an accurate diagnosis in certain 
cases of dysfunction of the bladder, as AA^ell as the necessity of rational 
suigical tieatment AAdien a diagnosis is made The relationship betAveen 
true horn -glass bladder and certain examples of transA^erse folds of 
the bladder must necessarily be explored, and Ave are fortunate in haAung 
tAvo instances of tiansA^erse folds under obserA^ation at present 
Zuckerkandl,^^ Avnting of tiansA'erse folds, said “If they appear higher, 
that IS, above the linea inteiureterica, and are raised to form sickle-like 
configurations and involve a greatei portion of the penpheiy, they actu- 
ally become a diaphiagm resulting m hour-glass bladder” 

ETIOLOGA 

A careful survey of the fcAv clinical leports available reveals almost 
total absence of reference to the etiology of this condition In fact, dis- 
cussion theieof in most communications is entiiely omitted Gruber^* 
stated that certain types of hour-glass bladder occui as a result of exces- 
siA’-e groAVth of tissue of mesodermal origin producing sickle-shaped 
horizontal folds Delbet said that the transA’^ersely bisected bladder 
indicates, in his opinion, the coiiectness of the modern point of aubav 
regal ding the development of the bladder and that the contraction AAdiich 
occurs aboA'e the entrance of the ureters into the bladder is due to a 
local hypertrophy of the ciiculai musculature of the bladdei Orth 
designated the pathologic condition as a partial stricture of the middle 
portion of the bladder, and Pagenstecher said that the condition Avhich 
IS most correctly teimed “congenital hour-glass bladder occurs in cases 
111 which anatomically and functionally different components meet or 
border on each other and results from the unequal giOAVth of the nor- 
mally separate bladder anlagen, AA'hich are noted in embryos 17 mm 

8 Fuller, E J Cutan & Genito-Urin Dis 18 531 (Dec ) 1900 

9 Detweiler, EL An Hour-Glass Bladder, Virginia M Monthly IS 644, 
1888-1889 

10 Cutter Lancet 1 185, 1854 

11 Zuckerkandl, O, and von Frisch, A Handbuch der Urologie, Vienna, 
A Holder, 1903, vol 2, p 582 

12 Gruber, G B in von Lichtenberg, A , Voelcker, F, and Wildbolz, H 
Handbuch der Urologie, Berlin Julius Springer, 1928, p 78 

13 Delbet, P Ann d mal d org genito-unn 25 641, 1907 

14 Orth, Johannes Lehrbuch der speciellen pathologischen Anatomie, Berlin, 
A Hirschvald, 1889, vol 2, p 201 

15 Pagenstecher, E Arch f klin Chir 74 186, 1904 
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to the cause With the thought in mind that the corrosive effect of serum electro- 
Ijtes might be a factor, four tacks of each metal were immersed in 5 cc of 
Ringer’s solution " for thirty da\ s The tubes \\ ere kept at 37 5 C and genth 


Table 4 — Loss of Weight of Loiv NiclcI Rustless Steel 


Pm 

Dog 

Bone 

W eight of Taelv Gm 

/ * \ 

Before After 
Insertion Rcmo\ al 

Percent 
igc of Dais in 

Loss Bone Comment 

25 

4 

Tibn 

0 313 

0 313 

0 

75 

Slight periosteal reaction 

2G 

4 

libn 

0ol3 

0 310 

0 95 

75 

Periosteal overgrowth 

27 

3 

libia 

0 311 

0 307 

110 

40 

Thin periosteal overgrowth 

2S 

3 

libia 

0 307 

i 

o 

0 81 

40 

Thin periosteal overgrowth 

29 

5 

libn 

0 300 

0 297 

1 00 

75 

Slight periostea] reaction 

so 

5 

Tibn 

0 295 

0 291 

1 30 

75 

Slight periosteal reaction 

31* 

4 

Tibia 

0 2S4 

0 27C 

2 70 

30 

Slight periosteal reaction, par 

32 

4 

Tibia 

0 27S 

0 278 

0 

SO 

tiallj extruded 

Periosteal o\ ergroivth 

53* 

0 

Femur 

0 225 

0 225 

0 

30 

Extruded from the bone 

54 

5 

Tibia 

0 239 

0 230 

1 20 

SO 

Slight periosteal reaction 

jj* 

o 

Tibn 

0 274 

0 2CS 

2 07 

30 

TacL injured m remoxal 

5S 

1 

Femur 

0 345 

0 341 

0S3 

SO 

Periostea! oi ergrow tli 


Excluded from 

the final computation 






Tablf S 

— Loss of Weight iii 

RiiigeTs Solution 


Weight of Tach, Gm 




Pin 

Before 4fter 

Insertion Kemox al 

Percentage 
of Loss 

Precipitate 

Material 

7 

01902 

0 iSoG 

24 

Heaxy 

Vanadium steel 

8 

01819 

01701 

32 

Heax V 

Vanadium steel 

10 

0 2037 

01978 

29 

Heax j 

Vanadium steel 

11 

0 2045 

01900 

27 

Heax 5 

Vanadium steel 

13 

0 2487 

0 2455 

13 

Heavy 

Richel free rustless steel 

14 

0 2„03 

0 2479 

1 1 

Hcavj 

RicLel free rustless steel 

15 

0 2442 

0 2414 

1 1 

Heax j 

Riche! free ru«tless steel 

IG 

0 2643 

0 2C1S 

09 

Heaxy 

Riehel free rustless steel 

1 

0 2239 

0 2239 

0 

Ivone 

High nichel rustless steel 

2 

0 2447 

0 2447 

0 

Rone 

High nichel rustless steel 

3 

0 2204 

0 2204 

0 

Rone 

High nichel rustless steel 

9 

0 2244 

0 2244 

0 

Rone 

High nichel rustless steel 

4 

0 2S21 

0 2S21 

0 

Rone 

Loxv nickel rustless steel 

5 

0 2S73 

0 2S7o 

0 

Rone 

Loxv nickel rustless steel 

6 

0 2625 

0 2625 

0 

Rone 

Loxv nickel rustless steel 

12 

0 3074 

0 3074 

0 

Rone 

Loxv nickel rustless steel 


7 The formula used for Ringer’s solution is as follows Each 10 cc contained 
005 Gm of sodium chloride, 0 002 Gm of potassium chloride, and 0 004 Gm of 
calcium chloride 
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m length, namely, that of the corpus vesicae and that of the tngonum ” 
Kaufmann’^® stated that the division of the bladder into two chambers 
IS a very rare finding and that the explanation of this developmental 
defect IS difficult Aschoff ” did no more than mention the anomaly 

Chwalla,^® as a result of researches on a 37 mm female embryo 
which he sectioned serially, found an interesting anomaly of the bladder, 
which was the only defect m the specimen The bladder was markedly 
contracted The mucosa about the ureteral orifices was arranged in 
folds Theie was, in addition, a constriction of the lateral walls of the 
bladder On sectioning the bladder, a membrane was found protruding 
into the cavity of the bladder, which was two or three cell layers thick 
and bound the anterior to the posterior wall The membrane was thin- 
ner m the center and thicker toward the periphery Similar to the 
constriction from side to side there was a moderate drawing in of the 
ventral wall of the bladder and a rather marked drawing in of the pos- 
terior wall Chwalla interpreted this membrane as a peisistent rest 
of the “ureter membrane,” described by himself as a normal stuicture 
in embryos from 12 to 28 mm , which completely closes the openings 
of the ureters in embryos of this size but m embryos more than 28 mm 
in length becomes dehiscent and disappears 

Paschkis and Krasa had the opportunity of carefully studying the 
bladders of most of the animals from the zoological gardens in Vienna, 
and their monograph on the comparative anatomy of this organ is a 
classic They found that m certain animals, especially in the mono- 
treme, or duckbill, in the talpa, or mole, and in Equus asinus, a trans- 
versely divided bladder is the rule, and in a footnote they made the 
suggestion that this finding may have some bearing on the subject of 
transversely divided or hour-glass bladders seen in human beings 

We can obviously express no more than a theoretical opinion as to 
the cause of this rare anomaly based on what is at present known about 
the embryology of the bladder First, we shall consider Krasa’s and 
Paschkis’ point of view, namel}q that there exists a relationship between 
the divided bladders seen normally in certain lower animals and the 
very rare anomaly of hour-glass bladder in man While the suggestion 
of an atavistic phenomenon is interesting and very plausible, it is a fact 
that m those animals which show the type of divided bladder noted 

16 Kaufmann, E Lehrbuch der speziellen pathologischen Anatomic, eds 7 and 
8, Berlin, W de Grmter & Co, 1922, p 1116 

17 Aschoff, L Pathologische Anatomic, ed 4, Jena, Gusta^ Fischer, 1919, 
^ol 2, p 558 

18 Chwalla, R 0 Zur Genese der angeborenen Sanduhrblase, Ztschr f 
urol Chir 23 200, 1927 

19 Paschkis, R , and Krasa, F C Ztschr f urol Chir 6 1 (Jan ) 1921 



1000 


, otlc^ ^ 

"'» '«< ."tr' ^'■‘>'>f..c,r"""« '•/tr* ''«-■? /'"'•’ „ 



2" ''■°"» iw"" oV;"" ''o.® Tr « io„, , 




^tailJPrJ , 

f3ci.s „.!'”/°nes con,l'^^ 


SHcf jj 

njore ^'^afo 


s::r-^r ,, 




'^}Iin 


cha 


racfe, 


'■'sties 


saijie 


'"eta/ 


A'o 


» Tr*"' '‘'*0° ^'''* -'^-e 


AT, 


ou ei 


er. 


eac/j 


^eacf; 


'On 

"'eta/ 




lONES-LIEBERM AN— INTERACTION OF BONE AND METALS 1001 


!Macroscopicalh , the sections of i anadium steel sho\\ ed a \\ ide zone of increased 
densitj extending into the marrow for a distance approximateh the length of 
the tack Microscopicalh , there was marked fibrous thickening of periosteum 
w ith recent inflammatorj changes adjacent to the defect The bone marrow show ed 
a \asth increased cellular content around the wedge-shaped defect The zone of 
reaction w'as double the width of the defect near the cortex, and at the apex of 





Fig 4 — A, high power photomicrograph, showing reaction oi bone to nickel- 
free rustless steel after the tack remained thirti dais in the tibia B, low power 
photomicrograph, showing defect created bi the tack, and the extent of the zone 
of medullan reaction, t indicating the site shown in A This demonstrates the 
resultant extensile hemorrhage, limphocitic infiltration and necrosis of bone 

the wedge it extended almost to the opposite cortex The cellular infiltrate was 
composed of limphocites and enthrocites lung in greatli distended lessels or 
free m the marrow spaces The enthrocites predominated The bone trabeculae 
proximal to the defect exhibited marked rarefaction bi osteoclasis 
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the conclusion based on a single finding of an anomaly in an embi }0 
of 37 mm , that this defect is a lest of the membrane of the meter, 
IS not wholly tenable It has not been shown that this membrane shifts 
or changes its position lathei than merely becoming dehiscent and dis- 
appearing as IS the lule If the constiicting band or perforated dia- 
phragm w^ere ahva}s noted exactly at the site of the entiance of the 
ureteral oiifices, as in Mezan’s case, rather than above them, as in our 
case and m otheis of similai chaiacter, oi below' their entrance into 
the bladder, as repoited by Fullei, Detw'eilei and Cuttei, more w'eight 
could be given to his opinion 

It seems that the opinion expiessed by Pagenstecher and by Gruber 
is correct, namel), that an unequal giow'th of the anlagen of the bladder 
w'ould account for both types of hour-glass bladder, wdi ether the ureters 
entered into the upper oi into the low'er chamber To suppoit this view 



Fig 3 — Diagrammatic drawing of c>stoscopic findings Note the hea\j mus- 
cular ledge dniding the bladder cavity into tw'O compartments 

it IS to be recalled that the portion of the bladder betw'een the uieteral 
orifices and the colliculus is of mesodeimal origin, wdiile the bladder 
cavity itself is of endodermal origin The anlage of the ureter is gradu- 
ally taken up by the anlage of the bladdei, and any failure of perfect 
coalescence of these two structures of difterent origin could produce 
transverse folds or fibromuscular ledges either above or below' the 
entrance of the ureters into the bladder 

PATHOLOG\ 

The pathology of true hour-glass bladder must be dnided into a 
study of the separating membrane or diaphragm and of the pathologic 
pltysiolog} resulting fiom the anoinah In none of the reports ha\e 
we found anv reference to the tissue reino\ed at operation or to exami- 
nation of the tissue post mortem Our specimen was grossly a thick 
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the vanous groups, the death rate from simple acute appendicitis lemains 
at a fairly constant low level The mortality from acute appendicitis 
with acute local peiitomtis has shown a distinct decline On the other 
hand, the mortality rate has increased in the next tno groups, cases 
of acute appendicitis ^Mth abscess and of acute appendicitis with acute 
diffuse peritonitis To be sure, the recent annual death rate in both 
groups shows a distinct decline, but the five year average leaves no doubt 
as to its mciease compaied to former peiiods Tbe death rate from 
acute appendicitis with acute fibiinopurulent peiitonitis remains con- 
sistently high, but this should not discourage one from enlisting one’s 
greatest efforts in an attempt to save patients with this condition The 
very fact that 3 actually did suivive should encourage one to carr}/ on a 
stiong battle foi their lives 

Discussions on the possible means of reducing the mortality in 
the vanous groups (except group 4, acute appendicitis with acute diffuse 
peritonitis, wdiich wall appeal in a separate paper) haie already been 
given, and they need not be lepeated heie They may merit considera- 
tion on the part of the suigeon who is ever anxious to better his 
results 

There should be perfect team-w'ork on the part of the hospital 
staff in the treatment of patients wath peritonitis and abscess The 
older experienced men should guide and direct the younger attending 
surgeons and house staff officers in handling these cases, because they 
demand the most careful, balanced and mature judgment , the problems 
and complications may be extremely difficult to comprehend and to 
combat 

One phase in the possible reduction of the mortality rate does deserve 
discussion here, nainel) the problem of prevention This directly con- 
cerns the laity as well as the medical profession and is largely a 
public health problem A cursory glance at the tables will show'^ at 
once that the mortality late in cases of simple acute appendicitis 
is 1 ery low , but as soon as perforation takes place w ith spreading 
peritonitis, the moitalitv rate is high The public should learn that 
the early diagnosis of acute appendicitis follow^ed by early opeiation 
by a competent suigeon at a well equipped hospital is attended by an 
extiemely low mortality rate There are certain factors which may 
inter feie wnth this 

1 Certain fears and superstitions still exist in the minds of many 
that to enter a hospital and undergo an operation is an acknowledge- 
ment of defeat and can result only in ceitain death The problem is 
often exasperating, and the practitioner can do nothing but obsen^e 
the chances of recovert graduall> diminishing wuth the advance of time 
when consent to operation is finally guen it may be too late 
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2 Mothers still give their children cathartics for abdominal cramps 
and pains The public health service and pediatricians should carry on 
a vigorous campaign against the indiscriminate use of such medicine 
It IS simpler and safer to give an enema instead or, at least, to give a 
cathartic only after examination by a physician 

3 The indiscriminate dispensing of purgatives and laxatnes by the 
pharmacist is a factor Persons constantly enter a drug store and 
request some medicine, to be recommended by the druggist, for abdom- 
inal pam This practice is becoming mcreasmgl} widespread, especially 
m recent years when many persons ha\e been unable to consult a 
physician 

4 Most persons associate appendicitis vith pain on the right side 
Few, if any, realize that an acute attack starts, as a rule, with generalized 
(or epigastric oi periumbilical) abdominal cramplike pain Conse- 
quently they belie\e they ha\e an “upset stomach” or “indigestion," 
and resort to the time-honored cathartic Only later, when the pam 
localizes m the right side (and this does not always happen), do they 
call a physician Meanwhile, ^aluable time has been lost It is most 
important to educate the public, therefore, that pam on the right side 
develops only later in cases of acute appendicitis, and they should 
learn to appreciate the factor of delay in its relation to mortaht} 

5 The physician himself maj' be unable to recognize some of the 
early atypical cases of acute appendicitis If that is the case he should 
observe the patient frequently, perhaps every two hours, until more 
definite signs develop He should remember never to give opiates 
for abdominal pam until he can make a definite diagnosis In the event 
of continued doubt he should always request a consultation even though 
it may touch his pride a bit, surely a doctor’s pride cannot compare 
with a patient’s life He must learn to regard with suspicion any 
abdominal pam that persists over six hours 

6 The practitioner ‘knows only too Avell that a certain number of 
cases of acute appendicitis will subside with morphine rest and the 
use of an ice bag He institutes this therapy for t\venty-four hours 
(the most important factor in reducing the mortality is therefore 
lost) and returns the next day If the patient is better, the therapy is 
continued and recovery probabty takes place The physician is con- 
sidered a miracle man, he saved his patient from an operation and 
“froze” out the appendix But what if the patient is worse or only 
about the same^ The physician will decide to send him to the hospital 
or else will determine to w^atch him for another twenty-four hours In 
either case the damage has been done The patient no longer has a 
localizing process, but probabty spreading peritonitis, due to perforation 
or gangrene of the appendix The ph3''sician has done “his best,” he 
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upper chamber to empt} itself completel} 0\\ mg to stasis m the upper 
chamber of tlie divided bladder, infection is in\ ited at an earlier or later 
period in the patients life Bacteria, once haMng gained access to the 
bladder, persist indefinite!} as the\ do m bladders subjected to other 
obstructive processes 



Fig 5 — Drawing of the bladder in the case ot Kretschmer and Morns - 
(courtesj of the Journal of Urologi ) A indicates the definite firm constriction 
which duides the bladder into two ca\ities 



Fig 6 Drawing of the bladder in Caulks" case (courtes\ of the Annals of 
Surger\ ) 

\esical spasm, eMdenced b} frequent and paintul urination, occurs 
and the bladder as a whole or in part contracts more often on account 
of the irritabiht} produced b^ inflammation The increased mechanical 
work of the bladder musculature causes Inpertropln of its wall as a 
whole, more particularh m the immediate neighborhood of the con- 
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aad-secretmg cells of the stomach during fasting It has been so used in 
the rat (Buchner and Molloy and Siebert, Burkle-de la Camp 
in the mouse (Harde*®), in the cat (Mcllroy, ** O’Shaughnessy m 
the rabbit (Matsueda ^®), in the gumea-pig (Harde, Matsueda) and 
in the dog (Matsueda, Puhl and Brodersen , Friedenwald, Feldman 
and Morrison) The gastric juice secreted as a result of adequate doses 
of histamine is capable of producing peptic injury in the mucosa of the 
stomach, showing all transitions of mucosal changes from erosion to 
acute and chronic ulcers, this depending on whether or not the animal 
IS fasting 

Since MeckeM® first described his diverticulum in 1815, more and 
more interest is being shown in this condition because of the dramatic 
clinical picture of ulceration, hemorrhage and perforation which the 
functionally active dystopic gastnc mucosa when present in Meckel’s 
diverticulum is wont to produce through its acid peptic secretion 
These ectopic tissues, the heteromorphoses of the biologists and the 
heteroplasias of the pathologists, have long held the keen attention of 
investigators, as judged from the extensive literature on the subject 
(Nicholson,^® Taylor®®) All these congenital heterotopias, whether 
of the gastnc gland or of the intestinal gland type, are explainable per- 
haps by the ontogenetic history of the patient , they are the expression 
of his dysontogenesis Such congenital heterotopias of various types 
occur m different portions of the gastro-mtestinal tract Recently, 
Mondor and Lamy collected reports of nearly one hundred cases of 
ulcer of Meckel’s diverticulum A similar condition exists after the 
performance of a gastro-enterostomy, when jejunal mucosa becomes 
bathed with the acid secretions of the stomach, ulceration often resulting 
When an isolated loop of small intestine is used to form a fistulous 

39 Buchner, F, and Knotzke, F Beitr z path Anat u z allg Path 80 
496, 1928 

40 Buchner, F, and MoIIov, P J Kim Wchnschr 6 2193, 1927 

41 Buchner, F , Siebert, P , and Molloy, P J Beitr z path Anat u z 
allg Path 81 391, 1928 

42 Burkle-de la Camp, H Deutsche Ztschr f Chir 220 31, 1929 

43 Harde, E. Compt rend Soc de biol 109 1326, 1932 

44 Mcllroy, P T Proc Soc Exper Biol & Med 25 268, 1927 

45 O'Shaughnessy, L Lancet 1 177, 1931 

46 Matsueda, A Klin Wchnschr 10 2265, 1931 

47 Puhl, H , and Brodersen, H Arch f khn Chir 168 31, 1931 

48 Meckel, J F Arch f d ges Phjsiol 1 293, 1815 

49 Nicholson, G W Guj’s Hosp Rep 71 222, 1921, 72 193, 333 and 402, 
1922 , 73 37, 164 and 298, 1923 , 74 81, 1924 

50 Taj lor, A L J Path &. Bact 30 415, 1927 

51 Mondor, H, and Lami, M J de chir 41 553 1933 
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tract for the stomach (Goldberg, “ Harper-"), a chronic peptic ulcer 
develops m the mucosa of this fistula, just distal to the suture line 
between it and the stomach Matthews and Dragstedt reproduced 
Meckel’s diverticulum with heterotopia by making a small Pavlov pouch 
which emptied into the isolated loop of the lower portion of the ileum 
When the gastiic pouch, with or without nerves, was implanted into 
the ileum, the incidence of ulcer was 100 pei cent, but it was only 85 per 
cent when the pouch was implanted into the jejunum 

PROCEDURE 

The present miestigation was undertaken in an attempt to evaluate the 
etiologic importance of gastric aciditi The effects of increased gastric acidity 
obtained by feeding hydrochloric acid and bj stimulation with histamine were 
determined Subsequently the incidence of peptic ulceration was determined in 
animals in which gastric pouches from the greater and lesser curvatures of the 
stomach, respectiveh, were anastomosed wnth the jejunum Normal healthy dogs 
were used in all experiments Everv animal was weighed The range of normal 
gastric aciditj (free, combined and total) W'as first determined from tw'o to five 
different times at intervals of from four or fi\e dajs to a W'eek following a 
standard test meal consisting of 22 Gm of cracker meal in 250 cc of water 
given through a stomach tube after fasting When the following senes of experi- 
ments W'as started the animals fasted on alternate days, at w’hich time either 
the feeding of hydrochloric acid or injections of histamine were given and gastric 
analjsis was carried out Histamine acid phosphate w'as used The solution w'as 
prepared bj weighing the chemical under sterile conditions and dissolving it in 
'terile distilled w'ater In none of the animals did an abscess develop at the site 
of the injections For the determination of gastric acidity, the technic as described 
in Bass and Johns’ “Practical Clinical Laboratory Diagnosis” w'as follow'ed, 
di-methylamino-azobenzene and phenolphthalein being used as indicators Computa- 
tion gave values for free hjdrochlonc acid and total acidity The difference between 
them represented the value for combined hydrochloric acid The presence of bile 
and mucus was noted in each specimen obtained through the stomach tube 

A total of 125 dogs w'as used, but of this number 69 died at various intervals 
after operation, leaving 56 animals on which our results are based These experi- 
ments extended over a period of over three j'ears The postoperative mortality 
in the 69 animals not used for analysis in the present series was attributable in a 
great measure to postoperative peritonitis and surgical shock, a few deaths w'ere 
due to an overdose of ether (2 animals) or distemper (9 animals) In the sur- 
Mving dogs, death was generally due to a more or less general debilitated condition 

52 Goldberg, S L Intrinsic Regulation of Gastric Acidity, Arch Int Med 
48 816 (May) 1932, Ann Surg 96 155, 1932 

53 Harper, F R Proc Staff Meet, Ma>o Clin 7 318, 1932 

54 Matthews, W B , and Dragstedt, L R Surg , Gynec & Obst 55 265, 
1932 

55 A preliminary report w'as published in 1934 ( Ochsner, A , Gage, M , and 
Hosoi, K Proc Soc Exper Biol & Med 31 1260, 1934) 

56 Bass, C C, and Johns, F M Practical Clinical Laboratory Diagnosis, 
Baltimore, Williams Wilkins Compam, 1929, chap 9, p 104 
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become vei}' slowly piogressive but is lather promptly affected by any 
pathologic piocess mvohung the neighborhood of the neck of the bladdei 
or stiuctmes distal to it, such as stnctuie of the urethia, prostato- 
vesiculitis, prostatic hypei trophy oi contiacture of the neck of the 
bladder 

SYMPTOMS 

The symptoms of tiue houi -glass bladder are variable, and in no 
paiticulai are they pathognomonic of the condition In some cases 



Fig 9— Sagittal view of bladder (A) Echidna, (Bl Didelphjs (courtesy of 
Paschkis and Krasa^®) 



Fig 10 — Anteroposterior view of the bladder fifteen months after operation 

urinary dysfunction had been piesent from childhood or early youth, 
as evidenced by enuresis and frequent and painful micturition In other 
cases no symptoms of consequence evidenced themselves until middle 
age or later, when pathologic conditions having no connection with the 
congenital anomaly elicited symptoms of greater seventy and degree 
than would have been occasioned bt the pathologic process present, if 
uncomplicated Pagtnstecher remarked that clinical s)mptoms usualh^ 
appeal fiist when the constriction becomes so marked that the emptying 
of the upper chamber is greatly interfered with Our patient presented 
the characteristics noted and undoubtedly had an exaggeration of the 
compaiativel} mild symptoms of his childhood and jouth as a result 
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induced b\ repeated leedmgs ot h\drochlonc aad, mjccUons of histamine or peptic 
ulceration Pertoration ot an acute or chronic nicer into the pentoneal or pleural 
ca\it\ was tlie cause oi sudden death m 10 dogs (peritoneal perforation m 9 
and pleural perforation m 1) The animals were general!} killed when the} 
were much debilitated instead of waiting tor them to die The\ were kept in 
separate cages, which were cleaned daiK Fresh drip water vas a constant source 
of water supph On clear sunshin\ da\s the animals v ere taken out on the root to 
bask ireeh in the sun for several hours From this it will be seen that noor 
environmental conditions cannot be said to be oi etio'ogic importance in Ouur 
experiments 

Xecrops} was performed soon atter death Specimens were removed ard 
immediatelv fixed in 10 per cent neutral solution of formalaehvde or Zenker s 
fixative The hematoxvlin and eosin stain was used lor general cwtologic stuav 
and Mallorv’s aniline blue stain was used tor evidence of increased fibrosis as the 
result of the ulceration A.11 the lesions described in our expenments wet-e sub- 
mitted to microscopic studv for verification as to whether thev v ere muccsal 
hemorrhages, erosions or acute or chronic ulcers \lso for purposes of com- 
parative stud} to serve as controls, sections were ob‘ained from the gastro-intestnal 
tracts of presumablv healthv dogs which had been electrocuted. 

All animals except the controls receivea thrice daiK everv other aav either 
a leeding oi h}drochlonc acid or an injection oi irom 025 to OS rag of histamine 
tubcutaneouslv Four experiments were pertormeo as lollovs expenment 1, 
in which no surgical procedure was done to oetemune the gastric reaction to 
feeaing of hv drochlonc acid and injections of histamme , expenment 2 extirpation 
01 <a) the greater curvature (fig la) and (o) the lesser curvature (fig 2) 
expenment 3 formation of a gastric pouch irom (a) the greater curvature 
(Heidenhain tvpe, fig 1&) or (h) the lesser curvature (Pavlov t}-pe) plus anas- 
tomosis of the prox»mal jejunum to the Douches (fig 3), and expenment 4 the same 
as expenment 3 plus anastomosis oi the fundus oi the galltfaader to the pouenes 
(figs 4 and 5) In expenments 2, 3 and - control ammals were used, vvmcn 
were not given hvd’'Ochlonc acid or histamine but in vi-hich the respective opera- 
tions w ere performed Repeated gastric analv ses v ere carnea out preoperativ elv 
and postoperativ elv on all ammals 

Postoperativelv , irrespective of the character oi the operatio'’ the following 
routine was used Immediatelv alter the operation an intravenous infusion 
of a warmed 5 per cent solution ot dextrose m normal lactate-Rmger solution 
was given into the external jugular vein about 50 cc, per kilogram o' bodv weignt 
For the next three davs an mtusion was given once daih of the same amornit 
of dextrose m lactate-Ringer solution The animal was allowed notn ng b} 
mouth, not even water, during this period From the fourth to tne sixth post- 
operative da} mclusive, the dogs were fed twice daih eoual parts oi Karo com 
svrup and milk and were allowed to drink water Onl} rard} did txiev vomit 
this milk mixture The animals that appeared weak, espeaalh after tne rco-e 
prolonged tvpes of operation were given another three cav course oi leeoing 
of Karo svnip and milk Usualh on the seventh postoperative dav tne were 
returned to the normal stock kennel chow diet of one i ceding a dav 

Experimext 1 — Obsertaiwhs ci cogs tt z>.I icJ m s~trg ca! morre res ~t.erc 
carried out, to obfair: the gastric reacted to rcf'cc'cd jtecigs Oj i_crcalet~L 
Cud fS dogs) or ti jcctioi s of I tstahiu c (7 cogs/ 

Repeated feedings of 1 per cent hv drochlonc aaa to 6 Oi 8 last’ng cegs 
produced acute lesions consisting Oi petecniae erosions ard shailov u'cers i^ bcm 
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the stomach and the duodenum These acute lesions were present as early as five 
and eight days after the administration of 1 per cent hydrochloric acid three 
times daily on alternate days m 2 dogs, respectively The lesions were usually 
multiple Feeding of hydrochloric acid for eight days produced three acute lesions 
of the stomach and duodenum, proved microscopically, in only 1 of these dogs 

Table 1 — Incidence of Ulceis in Animals Follozitng Feeding unfit 

Hydrochloiic Acid 


Acidity Before Administration Acidity After Administration 
of 1% Hydroehloric Acid of 1 % Hj drochloric Acid Beenn 
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Although the longest period of experimentation was fifty-five days for this group, 
ulcers were not obtained m other dogs Microscopically the mucous cells every- 
where m the different sections appeared prominent, with their cell bodies swollen, 
with a large mucoid globlet pushing the nucleus of the cell to one side and flattening 
It This activity of the mucous cells of the stomach to greater production of mucus 
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Rectal Examination Rectal examination revealed a prostate gland which was 
slightly enlarged, unevenly indurated and markedly tender There were a moderate 
number of pus cells in the expressed fluid The seminal vesicles were palpable, 
soft and very sensitive The urine on repeated examination showed many pus 
cells and red blood cells 

Cjstoscopic Examination A no 21 Browii-Buerger cystoscope passed with 
slight difficulty The contents of the bladder were turbid The bladder vault was 
moderately hyperemic An opening of a small diverticulum at the dome was 
visualized The trigonum was edematous and reddened Both ureteral orifices 
were slitlike and contracted rhjthmically What appeared at first to be the open- 
ing of a diverticulum was noted about VA inches (3 7 cm) above the upper 
margin of the trigon This was shown later to be a transverse ledge extending 
across the posterior and lateral walls of the bladder, having its origin and inser- 
tion well toward the ventral wall of the viscus The ledge was thick and 
appeared as a markedly hypertrophic musculature A no 6 catheter failed to 
pass up the ureter on either side at the first attempt but was eventually passed 
after no S bougies had previously been passed on both sides Cultures of the 
urine from the pelvis of the right kidnej yielded streptococci The pyelograms 
showed no abnormality other than a slight blunting of the calices of the right 
kidney 

Urethroscopic Examination Urethroscopic examination revealed an enlarged 
verumontanum with prominent sulci on each side On the left side was an open- 
ing into a pocket or sac which undermined the trigon for about 2 cm The open- 
ing was slightly irregular, and at the time of examination it was impossible to 
state whether the pocket seen might have resulted from trauma at the time of 
cystoscopy in 1925 or whether it was a congenital anomaly 

Cystogram The cystogram, especially in the lateral view, showed an hour- 
glass outline The upper chamber was somewhat larger than the lower chamber 
There was a marked indrawing of the ventral as well as of the dorsal wall of 
the bladder A similar constriction was noted from side to side in the cystogram 
made from an anteroposterior view The anterior wall was irregular in outline, 
and on the posterior wall above the constriction there were several small cellules 
At the dome a moderate-sized diverticulum was noted 

Operation — ^With the patient under spinal anesthesia, after excision of the 
scar m the skin left by the c>stotomy, the bladder was exposed in the usual 
manner The peritoneal fold was detached by dissection with the fingers, with 
^ight difficulty, up to the vertex, and the urachus was severed The small divertic- 
ulum at the dome was resected extravesically, and repair of the defect was made 
in the usual manner On exploring the interior of the open bladder, the wall 
of which was very markedly thickened, especially above the partial diaphragm 
noted on cystoscopic examination, the constricting band was seen and was found 
to be from 1 to 1 75 cm in thickness The greatest thickness was at its junction 
with the wall of the bladder It appeared as a somewhat irregular band of hyper- 
trophic muscle fibers It was seen to divide the bladder into two chambers with 
a communicating opening, which would approximately admit the tips of three 
fingers The entire muscular band was excised and the defect was sutured The 
bladder was closed about a Pezzar catheter, which was left in the upper angle of 
the opening made by cystotom> 

Operation for Resection of the Neck of the Bladdei — Approximateh three 
months after the removal of the constricting ledge, the Pezzar catheter having 
been left in place, the bladder was again opened, and with the electric cutting 



Table 2 — Incidence of Ulcers in Animals Folloxinng the Administration of 

Histamine Subcutaneously 
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37 
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4/ 1/32 

47 

11 

55 





4/ 7/32 

35 

9 

44 





4/15/32 

52 

15 

67 





4/21/32 

39 

12 

51 





4/29/32 

35 

34 






5/ 5/32 

60 

IS 

TS 





5/11/32 

33 

11 

44 





5/10/32 

40 

19 

55 





5/27/32 

33 

14 

52 





6/ 2/32 

o5 

23 

5S 





6/10/32 

23 

10 




HH 3 12/23/31 46 16 

62 

1/21/32 

0 

27 

27 

55 

Hemorrhages 

1/ 5/32 21 17 

44 

1 122/32 

2v. 

21 

44 



1/ 7/32 25 13 

SS 

1/2S/S2 

o3 

32 

65 



1/11/32 71 64 

lo5 

1/29/32 


SO 

53 
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current a large V-shaped wedge was removed from the lower half and the neck 
After two weeks the Pezzar catheter was removed, and the bladder was permitted 
to close 

The patient was able to urinate readily, and there was no residual urine 
Cystograms taken twelve months after the resection of the neck of the bladder 
showed a remarkable change, and the appearance closely approached the normal 
outline of the bladder both m the anteroposterior view and in the lateral or oblique 
position 

COMMENT 

Diagnosis — The direct diagnosis of true hour-glass bladder is best 
made by cystoscopy and by stereoscopic cystography The absence of 
any pathognomonic subjective symptoms, except the notable symptom 
of prolonged urinary dysfunction m childhood and adolescence, make 
the clinical history of less value than usual 

Diffei enhal Diagnosis — In the diagnosis of this rare type of anomaly 
It must be differentiated from all other processes obstructive to unna- 
tion One must consider prostatic hypertrophy, hypertrophy of the 
interureteral ridge, neurogenic changes in the bladder, diverticulum and, 
from the cystographic aspect, urachal cysts and diverticula 

Tieatment — The treatment should be directed toward relief of any 
obstruction at the neck of the bladder, and from our experience in this 
one case, we believe that resection of the diaphragm or ledge is indi- 
cated Our patient at the time of wilting has no residual urine 

SUMMARY AND CONCLUSIONS 

A case of true hour-glass bladder is reported, probably the sixth oi 
seventh of this type (Blum’s type II) in the literature 

Considerations of its etiology are discussed, and they coincided 
entirely with the views of Pagenstecher and Gruber 

While it IS impossible to contradict categorically tbe theoretical con- 
sideiations advanced by Krasa and Paschkis and by Chwalla, we are 
inclined to the opinion that their hypotheses are too sharply defined 
in the light of the present incomplete understanding of the pathogenesis 
of this anomaly 

Surgical treatment is to be directed toward any obstruction at the 
neck of the bladder, and resection of the constricting band appears to 
be indicated 

A remarkable return toward normal function and normal outline of 
the bladder is evidenced by cystograms made a year after resection of 
the neck 

25 East Washington Street 

55 East Washington Street 
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maj be one reason that more ulcers did not de\elop This method of feeding 
hjdrochlonc acid failed to produce am chronic ulcers, as proved b}' microscopic 
stud\ of the ulcers In 6 dogs there was associated mild to marked gastritis and 
duodenitis, whereas in 2 of the 8 animals no lesions demonstrable either grossly 
or microscopicall} were CMdeiit, c\en after experimental periods of thirteen and 
twent)-five da^s, respectivelj In anv stud\ of gastric anahsis m dogs it must 
be remembered that ^ allies for aciditj are extremelj -variable, in that normal 
values for aciditv maj be obtained one da\ and subnormal values or even hyperacidic 
values the next dav (table 1) It has been shown repeatedlv and statisticallv by 



Fig 1 — ^Tbe draw'ing m the upper left hand corner (o) show s the extent of 
resection of the region of the greater curvature or the amount of the stomach to 
be incorporated into a gastric pouch The larger drawing (&) illustrates the for- 
mation of a pouch from the greater curvature, with a side-to-side anastomosis of 
a loop of the proximal jejunum to this pouch 

Laspeyres 5" and others that even in human beings this variabihtv from anacidity 
to hyperacidity obtains in persons both in health and in disease, though to a less 
extent than in animals This variability has been demonstrated m our own 
experiments in the gastric analvses on the controls However, a study of the 
aciditv values for the entire period of experimentation wuth repeated feeding 

57 Laspevres, R Centralbl f d Grenzgeb d I^fed u Chir 5 25, 157 and 
225, 1902 



RELATIONSHIP OF GASTRIC ACIDITY TO 
PEPTIC ULCERATION 


I EFFECT OF HYBROCHLORIC ACID, OF HISTAMINE AND OF 
DEAT^TIOX OF BILE 

MIMS GAGE M D 
ALTON OCHSXER, MD 

AXD 

KIYOSHI HOSOI, MD 

XEW ORLEANS 

The relationship of gastric aadit\ to peptic ulceration, has been 
debated for }ears Volumes have been written, supported by clinical, 
statistical and experimental data, on the subject of the primary etiologic 
factors m the genesis of peptic ulceration From the present knowl- 
edge, it IS safe to assume that no one factor can be held responsible for 
ulcer in general Several factors are usuallj operative in the causation 
and prolongation of tlie ulcerous condition, or, according to Tendeloo,^ 
there is a constellation of factors Indeed, Alvarez - reminded his 
readers that there may be several tjpes of the disease in different parts 
of the world It is this Aery complexitj of causes that has been the 
incentive of much experimentation The present tendency is to consider 
peptic ulceration as a local manifestation of systemic disease or of dis- 
ease elsewhere m the body rather than as an imolvement sui generis 
of the stomach or duodenum The nature of the local manifestation 
however, has gnen nse to much discussion It cannot be denied that 
purely local causes, such as direct violence and corrosue poisons, may 
produce acute ulcers Excellent reviews on the pathogenesis of peptic 
ulcer have been made by Hurst ® Halperm,* Smithies,® Held and Gold- 
bloom,® Raine " and Carnot and Gaehlinger ® Climcalh , w e have come 
to the conclusion that w hereas there are many important factors respon- 
sible for the causation and persistence of peptic ulcer, the three most 
important are (1) the inherent predisposition to formation of ulcer. 

From the Department of Surger\, Tulane Unnersih School of Medicine 

1 Tendeloo, N P Berl khn tVchnschr 58 1 1921 

2 Ah-arez M' C Am T Surg 18 207 1932 

3 Hurst, ^ F Gu%'s Hosp Rep 74 413 1924 

4 Halperm, G Internat '\bstr Surg 43 173 1926 

5 Smithies, F \nn Clin Tiled 4 468 1925 

6 Held, I W and Goldbloom, 4. A M Clin North America 1 319, 1930 

7 Raine, F M isconsin M T 30 540 1931 

8 Carnot, P and Gaehlinger, H Pans med 1 309 1931 
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of hj drochlonc acid showed that m general there was a tendencj toward achlor- 
Indna, chlorides continued to be secreted, but at a low level (table 1) No 
acceptable explanation has as >et been given as to why under certain conditions 
the stomach loses its ability to secrete free hydrochloric acid but is still able to 
secrete chlorides But there was a return to normal values for free hydrochloric 
acid after a month or so of experimentation, even though the administration 
of hjdrochlonc acid was not stopped Thus, it is seen that the parietal cells of 
the stomach recover from the toxic or corrosive effect of the repeated feedings 
The highlv corrosue concentration of acid used experimentally by others and by 
us can ne\er obtain m the human stomach, even in disease, because the intrinsic 
or extrinsic mechanisms of neutralization rapidly reduce any high acidity to 
015 per cent hidrochloric acid 

Injections of histamine m 7 animals caused varying degrees of anemia of the 
tissues In contrast to the pink appearance of tissues of presumablj healthy dogs, 
the various viscera appeared verj' pale in the dogs treated with histamine From a 
mild to marked gastritis and duodenitis were present in all 7 (100 per cent) 
animals, and m 1 these conditions were the only demonstrable disturbance, even 
after five months’ experimentation with histamine The gastritis appeared to be 
limited to the pvloric antrum and involved the entire stomach only when it was 
present to a marked degree There were also hemorrhages (4 dogs), erosions 
(1 dog) and acute ulcers (3 dogs, or 43 per cent), which were usually multiple 
In one animal (HH 43), which had received injections over a period of one 
hundred and thirty-four days, there were twenty-two ulcers of various sizes and 
depths (fig 6) These ulcers were most frequently or most abundantly found 
along the lesser curvature, confirming the usual clinical observation that peptic 
ulcers occur along the lesser curvature of the pylorus Histamine was found to 
produce ulcers but did not stop them from healing, as evidenced by the micro- 
scopic picture of encroachment of marginal epithelium over the floor of the ulcer 
Also, there was microscopic evidence of increased production of mucus, shown 
by the prominence everywhere of the distended mucous cells of the gastric mucosa 
Histamine does not appear to cause hyperacidity or hypo-acidity of exhaustion, even 
after from four to five months of injections (table 2) The values for acidity 
obtained were usually within the range of normal vanations for dogs (table 2), 
although the values after stimulation with histamine in dogs with a pouch with 
anastomosis from the pouch to the jejunum were frequently double the pre- 
operative values without histamine stimulation Gastric analyses in at least 2 
animals (HH 50 and 83) showed this definitely 

Experimeist 2 — Obseivations on dogs ivith evtirpaled (a) gi eater curvature 
(fig la) and (b) lesser curvahne (fig 2) 

The greater curvature of the stomach was extirpated in 30 animals, only 11 of 
which lived sufficiently long for satisfactory observations to be made The lesser 
curvature was extirpated in 6 animals, 4 of which survived long enough for 
sufficient observations Practically all the respective curvatures were extirpated, 
the actual amount removed depending almost entirely on the size of the stomach 
Black silk sutures were used throughout, but later all hemostatic sutures were 
made with no 0 chromic catgut, the silk being employed only for the seromuscular 
lajer Extirpation of the greater or lesser curvatures of the stomach in dogs did 
not significantly change the values for acidity of the gastric contents of the main 
portion of the stomach when compared with the preoperative values (tables 3 
and 4) In the control groups of animals receiving no hydrochloric acid or hista- 
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I e, ulcei diathesis, (2) susceptibility of the tissue and (3) increased 
gastric acidity If this conception of the problem is correct, the clini- 
cian’s theiapeutic endeavors should be directed towaid controlling the 
gastric secretion and acidity, because there is piobably little that can 
be done to change the inherent piedisposition and susceptibility of the 
tissue 

The acidity of fleshly secreted pure gastric jmce is at about the 
level of 0 5 per cent hydrochloric acid, which is rapidly reduced to that 
of 0 15 per cent hydrochloiic acid during digestion This self-regu- 
lation of the acidity of the contents of the stomach is effected througli 
the following factors (Bennett,® Babkin^®) (1) saliva and food mate- 
iials, (2) gastric mucus, (3) regurgitated duodenal contents, (4) varia- 
tions m the acidity of the gastric juice and (5) the water and chloride 
content of the body Abundant clinical and experimental evidence is 
now at hand to show that there is a reflux of bile and pancreatic 
juices into the stomach (Moppert,^^ Apperly,^® Medes and Wright^®) 
Iwanow and Wright and Medes noted at times a marked disso- 
ciation of the regurgitation of bile and of pancreatic juice 

Numerous experiments have been devised to study the protective 
influence of the alkaline duodenal contents m the prevention of peptic 
ulceration The underlying principle of all the different methods is the 
same, whether duodenal contents are deviated in toto or separately as 
bile, pancreatic juice or succus entericus The experiments of Patrie,^® 
Mann and others have shown how technically simple it is to anasto- 
mose the pancreatic or bile ducts into other hollow viscera Mann and 
Williamson in this country and Weiss and his associates in France 
have done much to popularize the method of “duodenal drainage ” 
The entire duodenal contents have been deviated by the various methods 
of duodenectomy, with loss of both the bile and the pancreatic juice, 

9 Bennett, T I Guy’s Hosp Rep 71 286, 1921 

10 Babkin, B P Die aussere Selcretion der Verdauungsdrusen, Berlin 
Julius Springer, 1914, Canad M A J 17 36, 1927 

11 Moppert, G G Presse med 29 415, 1921 

12 Apperly, F L M J Australia 1 33, 1923 

13 Medes, G, and Wnght, C B J Clin Investigation 6 403, 1928 

14 Iwanow, W Arch f Verdauungskr 38 223, 1926 

15 Wright, C B , and Medes, G Proc Soc E\per Biol & Med 24 904, 
1927 

16 Patne, H H , Pyle, L A , and Vale, C F Surg , Gynec & Obst 24 
479, 1917 

17 Mann, F C, and Kawamura, K An Experimental Stud\ of the Effects 
of Duodenectomy, J A M A 73 878 (Sept 20) 1919 

18 Mann, F C, and Williamson, C S Ann Surg 77 409, 1923 

19 Weiss, A G , and Gurriaran, G Compt rend Soc de biol 102 48, 1929 , 
Arch d mal de I’app digestif 20 63, 1930 



Table 3 — Pi copci afwe and Postopei afwc Values foi Hxdi ochlouc Acid After a 
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Table 4 — Pi eopciativc and Postopei attvc Values foi Hydrochloiic Acid Aftci a 
Test Meal in Animals Following Resection of the Lessei 
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to the outside, or by the method of duodenal drainage, with conser- 
vation of these juices, into the lower portion of the small intestine 
(Steinberg,-® Mann-^), appendix (Wmkelbauer and Hogenauer 
cecum, rectum (Leriche®®), pelvis of the kidney (Kapsmow-^) or 
urinary bladder (Leriche and his associates -■’) In these operations 
for the establishment of duodenal drainage the line of deviation is made 
in the proximal portion of the duodenum itself (Langenskiold -®), at the 
pjloric sphincter (Mann and Williamson) or m the pylorus (Morton, 
McCann , Exalto, Wmkelbauer and Hogenauer) Of course, m all, 
the continuity of the gastro-intestinal tract is reestablished A survey 
of the enormous literature on operations for the establishment of duo- 
denal drainage and of the results obtained by these careful investigators 
shows that there is indeed a great variation from Ivy’s 5 per cent to 
Morton’s 100 per cent incidence of jejunal ulcer following duodenal 
drainage Mann and Owings and Smith,®^ after obtaining typical 
chronic jejunal ulcers by duodenal drainage, secured healing of these 
ulcers by reconducting the duodenal contents over the ulcerated areas 
Even an ulcer which had perforated the entire thickness of the jejunal 
wall would almost entirely disappear within twenty-five days after it 
was protected from the gastric contents When the alkaline digestive 
juices were again short-circuited, the ulcer reformed Mann maintained 
that although the great importance of chemical factors is recognized, 
the mechanical factors involved in the production of ulcer are not suffi- 

20 Steinberg, M E , Brougher J C and Vidgoff, I J Changes in the 
Chemistrj of the Stomach Following Gastric Operations, Arch Surg 15 749 
(No\ ) 1927 

21 Mann, F C S Chn North America 5 753, 1925, Tr A Am Physicians 
42 224, 1927, Am J Surg 7 453, 1929 

22 Wmkelbauer, A , and Hogenauer, F Mitt a d Grenzgeb d Med u Chir 
41 49, 1928 

23 Lenche, R J de chir 38 465, 1931 

24 Kapsinow, R Ann Surg 83 614, 1926 

25 Lenche, R , Fontaine, R , and Hermann, L Compt rend Soc de biol 
107 1025, 1931 

26 Langenskiold, F Scandinav Arch f Phjsiol 31 1, 1914 

27 Morton, C B Ann Surg 85 207 and 879, 1927 , 87 401, 1928, Am J 
M Sc 177 65, 1929 

28 McCann, J C Experimental Peptic Ulcer, Arch Surg 19 600 (No\ ) 
1929 

29 Lxalto, J Mitt a d Grenzgeb d Med u Chir 23 13, 1911 

30 H-j, A C Am J Ph\siol 49 143, 1919, Contributions to the Phjsiolog> 
of the Stomach II Studies m Gastric Ulcer, Arch Int Med 25 (Jan ) 1920, 
Studies on Gastric and Duodenal Ulcer, J A M A 75 1540 (Dec 4) 1920, 
Nebraska M J 14 137 , 1929 

^31 Ouings, J C, and Smith, I H Proc Soc Exper Biol & Med 29 832, 
1032 
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mine ulcers did not develop in the 3 in which the lesser curvature was resected and 
did develop in 2 (SO per cent) of the 4 in which the greater curvature was resected 
Feeding of hjdrochloric acid to dogs with extirpation of the greater curvature 
produced multiple erosions of the pylorus m 2 of 3 dogs (HH 24 and 46) In 
the third dog (HH 44), with no erosions, moderate gastritis of the pyloric mucosa 
was found This is interesting, because this particular dog received 1 per cent 
hjdrochloric acid by stomach tube three times daily every other day for forty- 
seven dajs A study of the gastric analyses performed one hour after the feeding 
of hydrochloric acid shows that the dog’s stomach was able to neutralize rapidly 
this concentration of acid to vv^ithin normal limits (table 5) Regurgitation of 
bile IS probablj’ not a factor in this neutralization, since no bile was found in the 


Line of 
division 



Fig 2 — A drawing showing the extent of extirpation of the region of the 
lesser curvature or the amount of the region of the lesser curvature to be incor- 
porated into a gastric pouch 

21 samples of the gastric contents in this control group (3 animals) receiving 
h\ drochlonc acid and since the combined values for hydrochloric acid were alwaj s 
lower than those for free hydrochloric acid in 2 (HH 24 and 44) of the 3 
animals After stimulation with histamine the values for acidity remained within 
normal limits (table 6), and acute ulcers were produced in 2 (HH 40 and 15) 
of 4 dogs with extirpation of the greater curvature, 1 of which also showed acute 
erosions (HH 40) After repeated stimulation with histamine no erosions or 
ulcers were found (table 7) in 1 animal (HH 101) with extirpation of the lesser 
curvature Stimulation with histamine evidentlv did not increase the incidence of 
gastric erosions or ulcerations m this group The absence of erosions or ulcera- 
tions in the group with extirpation of the lesser curvature and their formation in 
the group with extirpation of the greater curvature appear to support the theorj 
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ciently appreciated A jejunal ulcer develops at the site of greatest 
impingement by the acid gastric contents — lateral and posterior to the 
central axis of the intestine Mann and Bollman concluded that in 
the prevention of peptic ulcer duodenal mucosa and secretion are prob- 
ably the most important factors, bile is of least importance and pan- 
creatic secretion is intermediate between the two On the other hand, 
Graves and DeBakey,®‘ working in the experimental laboratory at 
Tulane University, observed that bile was probably the most important 
alkaline secretion in the prevention of peptic ulceration, that duodenal 
secretions (succus entericus) were least important and that pancreatic 
juice occupied an intermediate position From the experiments recorded 
m the literature on total or isolated deviation of the alkaline duodenal 
contents, the following conclusions are indicated The sensitivity of the 
intestinal mucosa to ulceration increases progressively from the duo- 
denum to the ileum Total deviation of the alkaline duodenal contents 
IS more effective in producing ulceration than the isolated deviation of 
duodenal, biliary or pancreatic secretions The question of experimental 
reflux of the entire duodenal contents into the stomach m the prevention 
of peptic ulceration is a subject still sub judice, although there is much 
evidence to show that this can prevent peptic ulceration or, if an ulcer 
IS already present, promote its healing 

Artificial hyperacidity produced experimentally by the feeding of 
hydrochloric acid (Bolton, Langenskiold , Mann and Bollman, Fried- 
enwald, Feldman and Morrison ®®) results in the formation of erosions 
and ulcerations, but it does not prevent their healing, except when highly 
corrosive concentrations are used Obviously such high concentrations 
are not found in the human stomach, even m one which is the seat of 
peptic ulceration Instead of feeding hydrochloric acid one can stimulate 
gastiic secretion in laboratory animals and in man by the subcutaneous, 
intramuscular or intravenous injection of histamine (Popielski , Best 
and McHenry Hence it is natural that histamine should be used 
to produce peptic ulcer experimentally by its stimulating effect on the 

32 Mann, F C , and Bollman, J L Experimentally Produced Peptic Ulcers, 

J A M A 99 1576 (Nov 5) 1932 

33 Graves, A M Combined and Separate Effects of Bile, Pancreatic Secre- 
tion and Trauma in Experimental Peptic Ulcer, Arch Surg 30 833 (Mav) 1935 

34 DeBakey, M Peptic Ulceration, Arch Surg, to be published 

35 Bolton, C Lancet 1 1330, 1908, J Path & Bact 14 418, 1909, 20 133, 
1915 

36 Fnedenwald, J , Feldman, M, and Morrison, S J Exper Med 57 
203, 1933 

37 Popielski, L Arch f d ges Physiol 177 214 and 237, 1919 

38 Best, C H, and McHenrj, E W Phjsiol Rev 11 371, 1931, J Physiol 
70 349, 1930 
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has tried to save his patient from an operation and, in so doing, the 
patient’s life has been jeopardized So the patient goes to the hospital 
and either has a long stormy course, which may be of great economic 
loss, or else dies The result is that the hospital and the surgeon are 
blamed, and the piactitioner is completely exonerated From the stand- 
point of economy alone the public should learn that the conservative 
and economic treatment of acute appendicitis is early prompt operation 

7 In times like the present one, the practitioner may choose to oper- 
ate on the patient himself, or the family may request it He is the “occa- 
sional operator ” He frequently lacks operating privileges in some of 
the larger, better equipped hospitals So the patient may be taken to a 
smaller private hospital At operation, the physician may encounter 
a situation with which he is entirely unable to cope Appendectomy 
may be the simplest or the most difficult operative procedure He lacks 
the judgment and skill and experience in making important decisions 
and in executing technical maneuvers Dire events then take place 
One complication follows another The hospital may be inadequately 
equipped to meet the demands for certain important treatments and 
emergencies A death results which might have been pi evented m proper 
hands The public must be taught the importance of receiving skilled 
care m a well equipped hospital 

8 Instiuction to high school and university students as lecom- 
mended by the Philadelphia gioup, is an excellent plan, because it is 
known that the highest incidence of appendicitis occurs between the 
ages of 13 and 30 Such a policy could be introduced into large 
business concerns and corporations The program to reduce the mortality 
from appendicitis in Philadelphia is being conducted so successfully 
that there has been a real ^diminution in fatalities, and consequently in 
the death rate, in the past five years 

These are not original or new ideas They hare been repeatedly 
emphasized m the literature It is the real duty of the public health 
seivice, of the county, state and national medical societies and of the 
insurance companies to present these facts in an intelligent dispassionate 
manner before the public It would be extremely unwise to emplov 
alarmist tactics because many persons with vague pains on the riglit side 
Mould soon find then way to the operating table to undergo an utterly 
useless and unnecessary appendectomy One is confronted, therefore, 
rvith the present danger of insufficient public education on the one 
hand and the treachery of overenthusiastic propaganda on the other 
Concerted, rvell directed, organized action could be made to follo\v the 
middle course 


SUMMARY 

The total mortality rate from acute appendicitis at the Presbvterian 
Hospital from 1916 to 1933, inclusive, is 5 08 per cent, or 135 deaths 
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m 2,653 cases The total death rate for each of the five groups is as 
follows acute appendicitis, 0 59 per cent , acute appendicitis with acute 
local peritonitis, 1 9 per cent , acute appendicitis with peritoneal abscess, 
10 5 per cent, acute appendicitis with acute diffuse (diffusing, spread- 
ing) peritonitis, 17 02 per cent, and acute appendicitis with progressive 
fibrinopurulent peritonitis, 88 per cent 

The curve of the progressive five year average of total deaths from 
acute appendicitis in all groups (from 1 to 5) shows a moderate, 
general decrease (chart 10) The five year average mortality curves 
of groups 1 and 2 indicate a decrease, but groups 3 and 4 disclose a 
definite, alarming increase, compared to earlier five year periods 
(chart 11) 

An analysis of the deaths and a discussion of certain means of 
preoperative, operative and postoperative preventive measures have 
been presented for each of the groups (except group 4, which will be 
reported on in detail m another paper) 

There is need for proper public education m the attempt to effect 
a general reduction in the mortality rate of acute appendicitis The 
surgeon and the practitioner must also learn to recognize the atypical 
case early 

The death rate from acute appendicitis and its associated lesions can, 
and must, be reduced 
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that the resection of the regions of the lesser cur\ature at the angle of reen- 
trance pre\ents the formation of peptic ulcer 

Experiment 3 — Obsmalioiis on dogs Xvith a Hcideitham (fg lb) oi Pavlov 
pouch (fig 3) 

A pouch of the greater cunature (Heidenhain) with jejunal anastomosis was 
made m 6 animals, all oi which sunned sufficientU long for the obsenations 


Table 7 — Incidence of Jjlceis in Animals x>.ith the Lesset Curzatme of the 
Stomach Removed Tolloicing the Subcutaneous Administration of Histamine 
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Table 8 — Incidence of L leers in Animals tiif/i Heidenhain Pouch of the Greater 
Curvature of the Stomach Anastomosed to the Jejunum FoIhxt.ing the 
Administration by Mouth of Dilute Hydrochloric Acid 
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to be completed A. pouch of the lesser curcature (Pa\lo\) with jejunal anasto- 
mosis was made m 27 animals onK 7 oi which h\ed sufhcienth long lor obsena- 
tions to be made In our experiments with the pouch ot the greater cunature 
(modified Heidenhain t\pe) with jejunal anastomosis (simulating Meckel s dner- 
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Fig 8 (dog HH 83) — Histamine was injected three times daih on alternate 
days over a period of twentj-se\en dajs The probe passed through the stoma 
of the gastrojejunal anastomosis into the gastric pouch There are three jejunal 
ulcers (i, 2 and 3) Ulcer 3 had perforated into the general peritoneal ca\it\ 
Careful microscopic studies reveal that none of these ulcers are marginal, all being 
located stnctlj in the jejunum proper 



Fig 9 (dog HH 88) — Control animal obser\ed tor one hundred and fift\-two 
da\s Two chronic jejunal ulcers are present {A and B) The base of each is 
filled with granulation tissue and shows e\idence oi healing along the edges The 
arrow points to a loose silk thread hanging into the lumen, which has not caused 
an\ ulceration 
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ticulum containing gastric mucosa), acute, subacute or chronic jejunal ulcers were 
produced in each of 6 animals (100 per cent) The ulcers were m the efferent 
loop m 5 dogs and both m the efferent loop and at the anastomotic stoma in 1 
dog (HH 51) These ulcers had a tendency to perforate, since 5 of the 6 animals 
died of peritonitis following perforation (fig 7) Stimulation with histamine did 
not increase this tendency to perforation of an anastomotic ulcer, as 2 of 3 dogs 
receiving histamine had perforated jejunal ulcers whereas all 3 control animals, 
which did not receive histamine, had perforated ulcers In 1 (HH 47) of these 
control animals, there were two chronic gastric ulcers (located m the main portion 
of the stomach) in addition to the perforated jejunal ulcer Gastric analjses 
showed values for acidity to be within normal variations (tables 8 and 9) 
Stimulation with histamine did not prevent an anastomotic ulcer from undergoing 


Suspensory 
suture 





I ^ 
% ' 


'%\ I'lV ^ 
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1/ 




■ > 



-leiunum 


Fig 3 — h drawing showing the formation of a gastric pouch from the lesser 
curvature and anastomosis of a loop of the proximal jejunum Note the suspensory 
suture to prevent the pouch from being pulled or stretched subsequently 


a healing process, as shown by the microscopic study of one of these jejunal ulcers 
The animal (HH 49) in which there was this tendency of the ulcer to heal had 
been receiving 0 8 mg of histamine per kilogram of body weight three times daily 
on alternate days during a period of eleven days Because of the predilection of 
jejunal ulcers for the efferent loop, a careful study of the jejunal loop anastomosed 
to the gastric pouch was made It was noted that the proximal or afferent loop 
was alwaj's normal in appearance, whereas the distal or efferent loop showed the 
effects of the irritating acid secretions from the gastric pouch passing through it 
The efferent loop was edematous and congested, with numerous various-sized 
petechiae and hemorrhages and even erosions Microscopic studies revealed sub- 
acute or chronic jejunitis, depending on the duration of the experiment 
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illustiated in expeiiment 2, in which extiipations of the lesser and the 
greatei cinvatuie weie perfoimed As mentioned earliei, the incidence 
of ulceiation was consideiably highei (63 6 per cent) in the animals 
with the gieatei cmvature lemoved than it was (0 pei cent) in those 
m which the lessei cuivatme was lemoved The acid secretion is pri- 
mal ily fiom the gieatei cuivatme and fundus of the stomach, which 
IS geneially accepted, and it would seem piobable that if acidity weie 
the only factoi the incidence of ulceiation should be higber m the animals 
with the greatei cuivatme present As the reverse was present, how- 
ever, It IS evident that susceptibility of the tissue is an important factor 
in the causation of peptic ulcer 

Much has been wiitten, based on clinical and experimental data, 
111 favoi of the view that the use of nonabsoibable sutme material in 
gastro-mtestmal anastomosis ma)' be of etiologic impoitance in the 
causation of ulceration It is customary not to use silk thread or other 
nonabsoibable sutme mateiial for the hemostatic suture on the mucosa 
In spite of the fact that black silk was used only for the seromuscular 
suture and no 00 chromic catgut was used for the hemostatic suture in 
all our experiments, at necropsy loose silk threads were found hanging 
111 the lumen of the mam portion of the stomach, oi in the stoma of the 
gastrojejunostomy or of the cholecystogastrostoniy (6 animals) The 
silk tliiead must have pioduced at least some nutation of the mucosa 
111 a mechanical way at its point of enieigence, but in no instance was 
an ulceiation produced by the thread in our animals (figs 9 and 10) 
111 1 dog the silk thread used foi the Lembert suture was found at 
necropsy hanging loose in the stoma of the cholecystogasti ostomy and 
heavily encrusted with bile salts Yet theie was no ulceiation Although 
silk threads have been found associated with ulcers of the stomach in 
some of the cases leported in the literatuie, it is questionable whether 
they play an inipoitant role in the production of peptic ulceration in man 

Jejunal Ulce>afwn — The importance of mucosal susceptibilit}'^ and 
hyperacidity in the pioduction of pei:>tic ulcer was illustrated by the 
results obtained in experiments 3 and 4 In experiment 3 a gastiic 
pouch was formed from either the greatei or the lesser curvatuie and 
anastomosed to the jejunum Of 6 dogs in which a pouch of the gi eater 
curvature was formed and anastomosed to the jejunum, ulcers developed 
111 all (100 per cent) whether the animal leceived injections of histamine 
(3 dogs) or not (3 dogs) In this experiment the condition simulated 
Meckel’s diverticulum containing gastric mucosa, in which the incidence 
of peptic ulcer of the diverticular mucosa is high Of 7 animals in 
which a pouch of the lesser curvature was made and anastomosed to 
the jejunum, ulcers developed m 5 (71 per cent) The explanation 
for the ulceration in these animals is that the jejunal mucosa, not being 
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Fig 10 (dog HH 76) — Histamine was injected three times daih on alternate 
oaj s o\ er a period of one hundred and twent^ -seven daj s A chronic callous 
jejunal ulcer had formed opposite the anastomosis betw'een the gastric pouch and 
jejunal loop Note that there is no relationship between this ulcer and the silk 
thread hanging into the lumen A indicates the gastric pouch and B, the gall- 
bladder to w'hich a piece of luer is attached 



Fig 11 (dog HH 113 ) — \ control animal obser\cd for ten da\s postopcn- 
tueh Tile probe is inserted into a perforated niargmal ulcer between the gastric 
pouch 4 and tlie jejunum B The arrow points to a chronic duodenal ulcer 
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accustomed to receive acid gastric chyme and not possessing sufficient 
inherent resistance to withstand the action of the gastric juice, is digested. 
With the resultant development of a chronic ulcer In these experiments 
the susceptibility of the tissue to ulceration was demonstrated Of the 
7 dogs in which the pouch of the lesser curvature was anastomosed to 
the jejunum, 3 were given injections of histamine, and ulcers developed 
111 all (100 per cent) Of 4 control animals not receiving histamine, 
ulcers developed m only 2 (50 jier cent) The results obtained in these 
dogs with pouches of the lessei curvature illustrate the role which 
acidity plays m the production of ulceration, since of the animals 
receiving histamine ulcers developed m all (100 per cent), whereas of 
the control group in which histamine was not used ulcers developed m 
only 50 per cent The significance of aciditj^ m the development of 
ulceration was also demonstrated in experiment 3, in which the pouch 
from the greater or the lesser curvature of the stomach was anastomosed 
to the jejunum, as follows In all the 6 animals m which the pouch of 
the greater curvature was anastomosed to the jejunum ulcers developed, 
whereas ulcers developed in 5 (71 per cent) of the 7 animals in which 
the pouch of the lesser curvature was anastomosed to the jejunum 
In both of these groups the sensitivity of the jejunal mucosa is pre- 
sumably the same, the difference m the incidence of ulcers probably 
being due to the relatively higher acidity m the animals with anastomosis 
of the pouch of the greater curvature As mentioned earlier, the gastric 
acidity is derived largely from the fundus and greater curvature of the 
stomach, so that the secretion from the pouch of the gi eater curvature 
should be greater, with higher values for acid, than that from the pouch 
of the lesser curvature 

The importance of the neutralization of acidity m the protection of 
the intestinal mucosa from the digestive action of gastric juice is illus- 
trated by the results obtained in experiment 4, m which pouches from 
the greater and the lesser curvature of the stomach were anastomosed 
to the jejunum and the gallbladder In this experiment the same con- 
ditions prevailed as in experiment 3, Avith the exception that alkaline 
bile w^as introduced into the pouch by anastomosing the gallbladder and 
ligating the common duct The protective influence of the alkaline bile 
w^as demonstrated by the fact that of the 6 animals m which the pouch 
of the lesser curvature w^as used ulcers developed m only 3 (50 per 
cent), as contrasted wnth the 71 per cent incidence of ulcers m the dogs 
wuth a pouch of the lesser curvature in experiment 3, in wffiich the alka- 
line bile w'as not present Of the 7 animals in experiment 4 m wdiich 
the pouch of the greater curvature ivas anastomosed to the jejunum and 
gallbladder, ulcers developed in only 2 (28 per cent), as contrasted wnth 
the 100 per cent incidence of ulcers m the animals with a pouch of the 
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In the expenments with the pouch of the kiser curiatare ftrodified Pavic* 
upe) with jejunal anastomosis (thus simulating Mec^-els anerticulom contamng 
gastric mucosa) chronic jejimal ulcers vere p'csent »n ah 3 cogs that rccc-ved 
histamine and ro jejunal ulcers v ere present in 2 of - control cogs tnat c d not 
rece.ie histamine (tables 10 ana 11) In the exoeriments on the lesser curvatu-e 
with jejunal anastomosis there were seren lejunal ulcers tour of which we-e 
located m the efferent loop oi the jejunum two opposite the stoma an] o“c at 
the margin Two ot the ulcers m the efferent loop (HH 83 ana 93) ana o-e 
marginal ulcer (HH 77) periorated (fig S) Tne tv o jejunal ulcers snow-i n 
figure 9, showed heahng which vas icnfied m'croscopicallv This senes re e>pen- 
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mcnis in wnich Meckel s cueniculum containing gastr c muCO'a was sm-laicc 
shov ed that an unneutralized acid secretion fiownng into tne jejuPum u-uaiK 
not accustomed to being bathed ra Such an aac ffuia. ira cause true ukc-a cn 
ot the jejunal mucosa It confirms tne clinical observation tnat t'-e p'c.e-ce c' 
gastric mucosa m Meckel s an erticulim maj lean to ukeration o tne m es nal 
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greater curvature m experiment 3, in which the bile was not present 
The relatively greater protection in the animals with a pouch of the 
greater curvature m experiments 3 and 4 when bile was present was 
probably due to the greater neutralization of a previously higher acidity 
The relative protective influence of bile in the pouch of the animals 
with a lesser curvature was comparatively less than m the animals with 
a pouch of the greater curvature, probablj’’ because in the former the 
acidity w'as not so high, so that the neutralization played a less important 
role The fact that ulcers developed in 50 per cent of the animals wnth 
a pouch of the lesser curvature and anastomoses to the jejunum and 
gallbladder, as compared with 28 per cent of a similar series in w'hich 
the pouch of the greater curvature w'as used is interesting The higher 
incidence m the former group may have been due to the increased 
secretion, the result of intact nerve supply 

From our clinical observations and the results obtained m the 
present investigation, w'e are of the opinion that there are three factors 
operative in the production of peptic ulcer (1) predisposition (ulcer 
diathesis), which is inherent m certain persons, (2) susceptibility of 
the tissue and (3) hyperacidity In the experimental animal ulcer 
diathesis is known not to occur because ulcers are rarely found m dogs, 
so that the present investigation was concerned chiefly w'lth suscepti- 
bility of the tissue and hyperacidity As shown in the experiments with 
extirpation of the gastric curvatures, the lesser curvature of the stomach 
is more susceptible to ulceration than are other portions Similarly, 
anastomoses betw'een the pouches of the curvatures and the jejunum, 
wnth the high incidence of ulceration in the jejunum, demonstrate the 
susceptibility of the jejunal mucosa to peptic ulceration The role of 
acidity was illustrated in the present investigation (1) by the develop- 
ment of ulcers in normal animals receiving either hydrochloric acid by 
mouth or injections of histamine, (2) by the high incidence of ulcers 
of the jejunum when the pouches of the lesser and greater curvatures 
were anastomosed to the jejunum, and (3) by the relatnely lower inci- 
dence of jejunal ulcer w’hen neutralization of the acid gastric chyme by 
bile was accomplished in those animals wnth anastomoses to the gall- 
bladder 

SUMMARY 

An investigation to determine the role of tissue susceptibilih and 
In peracidit) m the formation of ulcers is reported A total of 125 dogs 
was used, but only 56 animals survived sufficient!) long to provide 
adequate observ ations 

48 In a ^ub^iequent article the clinical application oi the experimental findings 
IS to be reported 
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(Pavlov) with anastomoses to the jejunum and gallbladder was made m 18 animals, 
of which only 6 lived sufficiently long for completion of observations (tables 14 
and 15) Bile prevented the postoperative anastomotic ulcer from forming in 
the 3 dogs with the Heidenhain pouch m which the jejunum and the gallbladder 
had been anastomosed, but it did not prevent the formation of chronic anasto- 

Table 13 — Incidence of Ulceis m Conti ol Animals zviflt Modified Heidenhain 
Pouch of the Gieatei Cinvaturc of the Stomach Anastomosed 
to the Jejunum and Gallbladdei 
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motic ulcer after stimulation with histamine in 2 (HH 75 and 76) of the 4 
dogs that received histamine There were three jejunal ulcers in the 2 dogs, 
one each in the afferent and the efferent loop of the jejunum and one opposite 
the gastrojejunal stoma (fig 10) It was the ulcer in the efferent loop that 
perforated In both of these animals the stimulation with histamine produced 
high values for acidity as compared with the preoperative values All 7 dogs 
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In the hist expeument hydiochloric acid was administeied b}' mouth 
01 histamine was injected siibcutaneousl}^ Eiosions or ulcers developed 
in 27 per cent of the animals 

In the second experiment, either the lessei or the greater curvature 
of the stomach was extirpated Of the animals m which the gi eater 
curvatuie was removed, leaving the lessei curvature m situ, ulcers 
developed in 63 6 pei cent, as contrasted with the group in which the 
lesser curvatuie w’as removed, leaving the greater cuivature in situ, in 
wEich ulceis did not develop This presumablj w'as due to the greater 
susceptibility of the lessei cuivature of the stomach to the acid gastric 
chyme 

In the third experiment, a gastiic pouch was made from the lesser 
oi the greater curvatuie and anastomosed to the jejunum Of the ani- 
mals in w'’hich a pouch w'as foinied of the lesser cuivature jejunal ulcers 
developed in 71 pei cent w'heieas of those in which a pouch w'as formed 
of the greater curvatuie ulcers de\ eloped m 100 per cent The high 
incidence of ulceration m this group was undoubtedly due to the sus- 
ceptibility of the tissue of the jejunum to the acid gastiic ch>me 

In the fourth experiment, a gastric pouch w'as made fioin the greater 
or the lesser cuivatuie of the stomach and anastomosed to the jejunum 
and gallbladder The incidence of jejunal ulcers w'as 50 per cent in 
dogs wnth a pouch of the lessei curvature and 28 per cent m those with 
a pouch of the greatei cuivature The i eduction in acidit) m this group 
W'as undoubtedly responsible for the decreased incidence of ulceis as 
compared wnth that in expeument 3, m wdiich theie W'as absence of bile 

On the basis of our clinical observations and the lesults obtained 
in the present investigation, w'e believe that the factors responsible for 
the production and peisistence of peptic ulcei aie as follows (1) pre- 
disposition to ulcei (ulcei diathesis) (2) susceptibility of the tissue 
and (3) hj'peracidity The therapy in cases of peptic ulcer should con- 
sist largely of minimizing susceptibility of tbe tissue by not perfoiining 
gastro-enterostomy on patients wuth normal acidity or hyperacidity, and 
by using those measuies which will deciease gastric acldIt^ 
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THE ACETABULAR INDEX IN INFANTS IN RELATION 
TO CONGENITAL DISLOCATION OF THE HIP 

SAMUEL KLEINBERG, MD 

ANO 

HERMAN S LIEBERMAN, MD 

^E\V ^OEK 

It IS axiomatic that prevention is more valuable than cure The 
practice of this principle is nowhere more desirable than m the manage- 
ment of congenital dislocation of the hip This common lesion has 
been studied carefully for decades by hundreds of surgeons all over 
the world with the result that its pathologic process is thoroughly appre- 
ciated, and success in its treatment is readily obtainable, yet there is 
no one established system but a diversity of methods, even when the 
treatment is applied during infancy When the condition continues 
to childhood or early adolescence, not to speak of adult life, without 
recognition or adequate treatment, then treatment by any method aims 
only for improvement in ambulation and for some measure of stability 
of the hip So It was like a refreshing breeze on a hot summer day 
to listen to Dr Putti, m July 1929 m London, expounding his theory 
of the possibility of recognizing potential dislocation of the hip during 
the early months of life and of the ease with which the normal relation- 
ship of the osseous elements of the hip can be established and assured 
The recognition during the early months of life of the existence 
of maldevelopment m the structures of the hip. especially the bony 
parts, likely to eventuate m a dislocation, depends on the appreciation 
of the difterences between the normal and the abnormal roentgeno- 
graphic appearance of this joint It has been abundantly emphasized 
that in congenital dislocations there is, in addition to a poorly developed 
or anteverted femoral head and neck, a shallow acetabulum, with the 
roof, or iliac segment abnormally oblique or even nearly vertical, giving 
diminished or no resistance to upward displacement of the femur It 
occurred to one of us (S K ) m an examination of a large number 
of new-born infants, that it might be possible, b\ study of the angle 
of inclination of the iliac segment (roof) of the acetabulum with the 
horizontal line m normal and in congenitalh dislocated hips, to arrive 
at some practical basis of measurement which would lielp to detenninc 
m the new-born whether the hips are normal or are likeh to become 
dislocated As the obhquiU of the acetabular roof is alwa\s marked 
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Fig 4 — A drawing showing the formation of a gastric pouch from the greater 
curvature and anastomosis of the pro-vimal jejunal loop and fundus of the gall- 
bladder to this pouch The common bile duct is sectioned and doubh ligated 



Fig 5 — A drawing showing the formation of a gastric pouch from the lesser 
curvature and anastomosis of the proximal jejunum and fundus of the gallbladder 
to this pouch The common bile duct is sectioned and doubly ligated 
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jn dislocated hips and is regularly slight in normal hips, we concluded 
that the angle of inclination of the acetabular roof with the horwontal 
line would be the most serviceable means of judging the normality or 
abnormality of a hip joint relative to a possible appearance of a disloca- 
tion This angle we shall call, for purposes of convenience, the acetabu- 
lar index We have investigated the acetabular index of hips in normal 
children at birth and at about 2 years of age and in those with congenital 
dislocations and herein present the results of our study and the conclu- 
sions drawn from them 

Twenty-three normal infants, varying in age from 1 to 7 days, 
were examined and roentgenograms were made of their pelves Table 
1 gives our observations The acetabular angle, or index, varied between 
25 and 32 degrees, the average being 27 5 There was no appreciable 
difference in the indexes of the right and left hips, nor was there any 
marked disparity in the indexes of the two sexes Figure 1 is a tracing 
of the roentgenogram of the hips of one of these infants, with an 
acetabular index of 25 degrees 

As most of the infants with congenital dislocation in this country 
come under observation when they are between V/z and 2 years old, 
we next studied the hips of a group of twenty normal children varying 
in age between 11 and 24 months Table 2 shows that the average 
acetabular index in these forty hips was 20 degrees, considerably lower 
than that in the new-born infants Figure 2 is a tracing of the hips 
of a child in this group The method of mensuration is obvious A 
horizontal line is drawn between the triradiate cartilages A line is 
then drawn from the upper pole of the acetabulum to the point of 
contact of the iliac segment of the acetabulum with the triradiate car- 
tilage, forming an angle with the horizontal line The resultant angle, 
or acetabular index, reveals the relative depth of the socket of this 
hip joint and is an index of the resistance which the iliac portion of 
the acetabulum would present to luxation of the head of the femur 
We appreciate that there are many additional factors, such as the thick- 
ness of the cotyloid ligament, the conformation and distribution of the 
capsule of the hip, the size and shape of the head of the femur, the 
degree of torsion in the neck of the femur and so forth, which influence 
the development of a dislocation But the angle of the roof of the 
acetabulum with the horizontal line, that is, the acetabular index, affords 
a ready and, we believe, a reliable means of visualizing the future 
osseous structure of the acetabulum in relation to the head of the femur 
and aids in deciding whether a dislocation will or will not occur A 
high acetabular index warns that a dislocation will or may appear and 
offers the opportunity of instituting preventive measures, which, from 
Putti’s reports, are eminently successful 



Fig 6 (dog HH 43> — Histamine was injected three times oaih on alternate 
oats tor a penod oi one hundred and thirtj-four dats The stomach vas openeQ 
along the greater curvature The pvlonc regions ana the auoaenum tve-e pale 
in comparison with the lundus which v»as markeoh injected Note that most of 
the erosions and acute ulcerations are in the pjlonc antrum Aboa* twentv-two 
acute ulcers can be counted 



Fi" 7 (ooc HH a2) — A cooircl animal observed — io„-tee^ po-*- 

fpcratneh The arasiomojii be ween tre ga'i"c pc^cr a-d je L.n„"- nas n.e" 
Cut open On the tcjuna! ? oe the-c s ? ia'^ee rt'i< — ai. <"1 m me ceme" o<. rn 
tMei'ivt u’ccration 



T^ble 1 — Acetabular hacxes for Kcit.-B-orn hiatfs* 
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* These infants were examined in the matenitj- ward of the Is-ael 2jon Ho=pita! Erootiyn 



We next examined the roentgenograms of thirti-fi\e congenitalK 
dislocated hips in children from 12 to 36 months of age -Ml these 
children had been treated at the Hospital for Joint Diseases The 
a\crage acetabular index was 37 5 degrees f table 3) as compared with 
an aterage of 20 degrees for normal children of the same age (table 2 1 
anci 27 5 degrees tor the new-born (table 1 ) The difference m the 
acetabular indexes of normal and congenitalh dislocated hips is stril- 
mg and is graphicalh represented in figure 3 which is a traenur of 
t’ e pehis ot a patient in ibis groan (patient S) who haa a co'^trcnit'! 
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in this group had a mild to moderate jejuiiitis of the efferent loop in spite of 
the more or less neutralizing effect of the bile In the 3 dogs with a modified 
Pavlov pouch in which no histamine was used bile flowing through the anasto- 
mosis did not prevent the formation of jejunal ulcers There was a total of 
tour ulcers, one acute and three chronic As regards location, two were in the 
margin, one in the efferent loop and one opposite the stoma The ulcers in 2 of 
these animals (HH 106 and 113) perforated (fig 11) The greater secretory 
activitj of this Pavlov tjpe of pouch because of its intact vagal nerve supply may 
be surmised to be one factor in the production of ulceration in some instances 
As regards the lesions of the stomach or duodenum itself, deviation of the bile 
toward the pouch in 13 dogs produced hemorrhages and erosions of the main 
portion of the stomach in only 1 animal (HH 120), a duodenal ulcer in another 
(HH 113) and a small pyloric mucosal hemorrhage in 1 that received histamine 

COMMENT 

GasUic Ulceiation — It is significant in the experiments on extirpa- 
tion of the curvature that the incidence of ulceration and erosion in the 
lesser curvature after the extirpation of the greater curvature was 63 6 
per cent, whereas no ulcers or erosions occurred in the remaining 
greater curvature after extirpation of the lesser curvature These facts, 
together with the observation that following the injection of histamine 
multiple ulcers occurred most frequently along the lesser curvature 
(HH43, fig 1), support the clinical observations that gastric ulcer 
occurs generally along the lesser curvature (Magenstrasse) If the for- 
mation of ulcer were the result of mechanical injury of the mucosa by 
the motor activity of the stomach and impingement of food against the 
lesser curvature, the incidence of ulceration following extirpation of 
the lesser curvature should have been as high as that following extir- 
pation of the greater curvatuie The fact that no ulcers occurred in 
the dogs subjected to the former procedure and that ulcers and erosions 
developed in 63 6 per cent of the group on which the latter operation 
was performed suggests that susceptibility of the tissue of the original 
lesser curvature predisposed to ulceration On the basis of experiments 
1 and 2, in which acute ulcers were obtained in 27 per cent of the dogs 
after feeding of 1 per cent hydrochloric acid or stimulation with 
histamine, one is j'ustified in inferring that gastric acidity is a probable 
factor in the etiology of peptic ulceration As these were normal ani- 
mals, the high incidence of ulceration is even more noteworthy, in spite 
of the fact that the degree of acidity obtained is probably higher than 
ever occurs in normal human beings In the human patient with ulcer, 
however, there exists an ulcer diathesis, in that the patient’s predis- 
position to ulceration is inherent, and his gastric and duodenal mucosa 
is probably abnormally sensitive to the digestive action of acid gastric 
juice The abnormal sensitivity of mucosa to peptic ulceration was 



Table 2 — Acetabulai Indexes of Noimal Hips m Eaily Clnldlwod 
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40 


A\ erage age 


19 mo 


Youngest 


11 mo 
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24 mo 




Acetabular Index 

Degrees 
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20 


Loncst angle 


18 
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Fig 2 — The hips of a normal infant at the age of 17 months 

dislocation of the left hip The acetabular index of the left hip was 
38 degrees, while that of the right, or normal hip, was only 22 degrees 
Putti, 111 describing a method of i oentgenologic examination of 
infants m what he called the preslipping state, classified hips into 
those with horizontal, obtuse or right angles, depending on the general 
inclination of the superior, or iliac, segment of the acetabulum In our 
investigation we sought more accurate information aiming to establish, 
if possible, a constant for the normal infant and thus to be enabled 
more readily to diagnose the abnormal From our study we can state 
that an acetabular index above 30 degrees foreshadows a possible 
dislocation of the hip 




POSTANESTHETIC HEADACHE 
P W HARRISON, MD 

MUSCAT, ARABIA 

1 here are three possible methods of anesthesia One can anesthetize 
•sensory nerve endings so that their stimulation gives rise to no afferent 
impulses One can interrupt the transmission of afferent impulses by 
anesthetizing the nerve trunks which cany them And finally one can 
stupefy the entire organism so that afferent impulses fail to register on 
arrival at the higher centers 

Anesthetization of the sensory endings has the advantage of safety, 
but for the patient it makes surgical procedure a harrowing experience, 
and the capacity of the tissues to heal is lowered by the necessary 
infiltration with fluid The disadvantages of a general intoxication so 
profound that the higher centers are incapable of reacting to afferent 
impulses require no discussion 

Theoretically conduction anesthesia is much the best There is no 
general intoxication, and no injury to the tissues involved in the 
operation Spinal anesthesia is the ideal conduction method In the 
subarachnoid space the sensory nerves are assembled m a beautifully 
convenient way If one were able to avoid the complicating factors 
spinal anesthesia would long since have displaced every other method 

The complicating factors have not been avoided Cerebral anemia 
and respiratory paralysis have caused death in manj cases, and at the 
moment spinal anesthesia is the most dangerous method in common use 
But the discussion of these catastrophes has obscured the fact that for 
operations below the umbilicus spinal anesthesia, fai from being exces- 
sively dangerous, is perhaps the safest method, and in comfort to the 
patient and convenience to the surgeon is almost ideal Anesthetization 
of the point of spinal puncture makes the procedure practically painless 
for the patient, and recollection that heavy solutions grawtate down- 
ward makes the method safe If the Trendelenburg position is wanted 
a heavy solution must not be used, and procaine crystals dissolved m 
spinal fluid form a heavy solution 

But an anesthetic must do more than furnish a satisfactorj period 
for the execution of some surgical piocedure It must leave the patient 
undisturbed and comfortable after the operation is over Spinal anes- 
thesia has a bad record on this point Postanesthetic headache has 
occurred frequently, and sometimes has been very severe The dangers 
from a pooily given general anesthesia are much more serious than the 
discomfort of an occasional sei ere headache, but when the comparison 
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IS made with the eftects of ether expertly given, the headache may be 
sufficient to throw the whole method of spinal anesthesia into the discard 
On the other hand, if the postanesthetic headache can be eliminated, for 
operations below the umbilicus spinal anesthesia stands in a class by 
Itself 

Not much progress has been made in dealing with the problem of 
headache It is difficult to investigate There is a widespread impression 
that continued leakage from the puncture hole sometimes occurs and that 
this leakage by reducing the pressure within the subarachnoid space 
causes the headache This may have been true once, when shockingly 
coarse needles were used even for routine diagnostic punctures Fine 
delicate needles are used universally now, and the headache remains 
The holes made by such delicate needles must be studied with a mag- 
nifying glass They are tiny slits the edges of which automatically 
approximate on withdrawal of the needle, and it is impossible to believe 
that they permit any significant leakage, at least for any great length 
of time 

Regarding some other possible causes of headache there is more 
certainty Postanesthetic headache will occur if the injected solution 
IS irritating Wayne Babcock,^ the dean of the spinal anesthetic faculty, 
reported his experience with defective distilled water Headache 
occurred frequently until this fault was corrected I have seen the same 
thing in Muscat Old rubber tubing in the distilling plant caused post- 
anesthetic headache which for frequency and severity I have not seen 
equaled since The fault was corrected, and the incidence of headache 
dropped to its former figure A few months ago the solution which 
had caused almost no trouble m Muscat was reported as causing many 
headaches in a neighboring clinic I found that spinal puncture was 
being made through skin dripping with tincture of iodine 

This matter of the irritating character of the anesthetic has not 
received the attention that it deserves Any one of several factors can 
make such a solution irritating In the first place, it may be irritating 
because of the chemicals it contains Stovaine has enjoyed a great 
vogue as a spinal anesthetic, but it is highly unsuitable, being much 
more irritating than procaine hydrochloride ® In the second place, an 
aad solution is irritating Any solution injected into the subarachnoid 
space should have a pH above 7 and not below That was the fault 
of the solution which caused so many headaches in Muscat It was 
strongly acid In the third place, a solution which is either hypertonic 
or hypotonic is irritating That is probably the reason that procaine 

1 Babcock, Wayne Surg, Gynec & Obst 59 94 (July) 1934 

2 Braun, H Lokalanesthesie, ed 3, Leipzig, Johann Ambrosius Barth, 
1914, p 133 



Table 3 — Acciabulm Indexes of Congenital Dislocated Hips in Larlv Childhood 
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Tip 3 — Ccnpcnitnl di«locatioi oi the leit hip in an iniant ot 18 month 
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Serious symptoms were noted for several weeks, and the animal remained 
prone Jaundice was severe, and the stool was bloodv for a few days Gradual 
improvement occurred Five weeks after operation the animal was again in good 
condition 

On December 10 the animal was electrocuted Postmortem examination showed 
that the general condition was good Jaundice was slight Extensive adhesions 
were noted between the liver and the duodenum The bile ducts w'ere slightly 


Table 1 — Results of the Bactetiologic Evaminatton of the Bile 
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dilated A hemorrhagic infarct the size of a w'alnut was present in the spleen 
The intestinal mucosa was red and contained mucus Aspiration >ielded 0 5 cc 
of fluid, which was bloody but not bile-colored 

After the bile had been centrifugated the supernatant fluid was clear Bacteria! 
culture Melded B coli Chemical anahsis gave negative results for bilirubin 
The sediment contained man> leukoc%tes, erythrocytes and amorphous crystals 
Histologic examination of the Iner showied marked fattj infiltration, which 
spared large areas Pigment w'as noted in the capillaries but not in the hepatic 
cells There was e\idtnce of a little interstitial reaction 
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In the matter of the technic of i oentgenologic examination of the 
pelvis it IS imperative to obseive several important details The infant 
should be placed on its back, with the lower limbs m contact and m 
complete extension at the hip joints, with the patellae facing forward 
The roentgen tube must be focused or centeied m the midline of the 
bod}' and diiectly ovei the superioi border of the symphysis pubis 
Deviation from this routine, such as tilting of the pelvis or angulation 
of the tube, will give distorted views and erroneous measurements In 
figure 4 theie are tracings of tw'o view's of the same pelvis The posi- 
tion of the pelvis in A is coriect In B the pelvis is rotated to the right 
and flexed, with a resultant apparent increase m the right and decrease 
in the left acetabular index and narrowing of the left triradiate space 
Reliable information is obviously dependent on accurate roentgeno- 
graphic technic 



Fig 4 — Correct and incorrect Mews of the same pelvis A is taken from the 
correct angle In B the pelvis is tilted to the right, resulting in a change m the 
acetabular index and )Melding incorrect information 

CONCLUSIONS 

1 The acetabulai index is the angle formed between the roof or 
iliac portion of the acetabulum and a horizontal line passing through 
the triradiate cartilages 

2 The acetabular index m new-born normal infants is regularly 
low, the average being 27 5 degrees 

3 The acetabular index m normal children about 2 years of age is 
lower than that m children at birth, with an average of 20 degrees 

4 The acetabular index in congenitally dislocated hips of children 
of about 2 years of age is constantly high, the average being 37 5 degrees 

5 In an infant having a high acetabular index, that is, above 30 
degrees, a dislocation of the affected hip will probably develop 

6 An infant with a high acetabular index should be placed in an 
apparatus which will hold the lower limbs continuously m marked abduc- 
tion until the acetabulum and the capital epiphysis have become thor- 
oughly adapted to each other and there is clinical evidence giving 
reasonable stability 
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Dog 991 — Ligation of the common duct was performed on August 1 Severe 
jaundice developed, and the stool was colorless No marked svmptoms were noted 
On December 14 the animal was electrocuted Postmortem examination showed 
that the dog was emaciated and severely jaundiced Adhesions were present 
between the gallbladder and the duodenum The gallbladder w'as distended and 
the bile ducts were markedlj dilated, the common duct being 1 5 cm and the 
hepatic duct 1 cm in diameter The intestinal mucous membrane showed no 
changes Aspiration of the bile duct and the gallbladder Melded large imounts 
of thick, dark green bile with the consistency and appearance of tar 

The bile was so thick that it had to be mixed with water for chemical analysis, 
and the results obtained were questionable Bacterial culture of the bile yielded 
Staph albus Chemical analysis gave the following values bilirubin, 148 mg , 
cholesterol, 118 6 mg, and bile acids, 9108 mg per hundred cubic centimeters 
The sediment contained many leukocytes, a good deal of pigment and amorphous 
crystals 

Histologic examination of the liver showed little evidence of interstitial reac- 
tion Fatty degeneration was noted in some areas Pigment was present in the 
hepatic cells 

The gallbladder was normal 

Dog 768 — The first operation, ligation of flie common duct, was performed 
on July 5 Severe jaundice developed, and the stool was colorless The dog was 
emaciated and preferred to he prone Diarrhea occurred Severe svmptoms were 
noted for three weeks, and then slight recovery followed 

The second operation was performed on August 2 An extreme degree of 
jaundice was noted, affecting especially the internal organs and the omentum 
Ascites was present The gallbladder and bile ducts were greath dilated Aspi- 
ration yielded thin, slightly brownish bile Two cubic centimeters of a suspension 
of Staph aureus in saline solution was injected into the wall and cavity of the 
common duct Bacterial culture yielded Str haemolyticus 

The postoperative course was severe, and the animal died on August 6 
Postmortem examination showed evidence of purulent peritonitis Thin, slightly 
brownish bile with a grossly' diminished color content was aspirated Bacterial 
culture of the bile yielded Str haemolyticus, Staph aureus and B Welchii The 
sediment contained many leukocytes and erythrocytes No chemical analvsis was 
made 

RESULTS 

White bile was found in all three dogs in group 3 In two of these 
cases the bile was entirely colorless, while in the third the coloration 
was so faint that the bile could safely be considered to be white, in 
accordance with the work of Klose and Wachsmuth who included 
under this heading bile that still retained a slight amount of coloration 
Only one animal (dog 768) in group 2 showed significant results, the 
bile from this animal being much lighter in color than normally It 
was not so dilute that it could be called white bile, but there was a 
definite tendency in that direction Chemical analy^sis gave results that 
were in accordance with the colorimetric ev'aluation The bile from the 
dogs in group 3 showed a low content of bile constituents Bilirubin 


20 Klose, H, and Wachsmuth, W Arch f klin Chir 123 1, 1923 



PATHOGENESIS OF WHITE BILE 


HANS G ARONSOHN, MD 

CHICAGO 

The character of the bile which is obtained at operation for obstruc- 
tion of the common bile duct varies greatly The most characteristic 
bile obtained is thick and dark green, but occasionally there is found 
so-called white bile The type of bile obtained in each instance has 
prognostic as well as diagnostic significance The important and funda- 
mental problem related to the diagnosis is to determine the conditions 
that are responsible for the production of the different types of bile on 
different occasions From the standpoint of the prognosis it is of vital 
importance to determine whether or not the liver is functioning nor- 
mally when white bile is obtained That this is still an unsolved 
problem is apparent when one reads the varying opinions expressed m 
the German and in the American literature concerning the prognosis 
The German writers consider that the prognosis is much more serious 
when white bile is present The extent of damage to the liver must be 
known when white bile is being produced, in order to determine whether 
or not one may expect the organ to function normally after relief of 
the obstruction 

The literature on white bile is extensive and is especially confusing 
owing to the fact that authors vary in their conceptions of white bile 
In the present discussion I shall exclude the colorless fluid that is found 
only in the gallbladder Likewise, I shall not consider the real white 
bile that is found in cases m which the hepatic cells during the course 
of their development were never able to produce bile pigment and from 
the very beginning secreted a colorless fluid This condition is possible 
only in the new-born and is so rare that it need not be included here 
This paper will be restricted to a discussion of the white bile that is 
obtained at operation for obstruction of the common duct In this 
regard the white bile that is of special interest to the surgeon mav be 
defined as the colorless fluid that is found m the bile ducts and gall- 
bladder and that is free from all bile constituents except a mucin-like 
protein The white bile that is found m cases of certain types of intoxi- 
cation of the liver, such as phosphorus poisoning, will not be con- 
sidered here 

From the Department of Surgerj, the Unuersity of Chicago 

This work was done under a grant from the Douglas Smith Foundation 
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was absent from the bile of dogs 415 and 772 and had an extreme!} 
low \alue (099 mg ) in dog 789 The cholesterol and bile aads either 
showed \er} lov \alues or were absent These results are graphical!} 
represented in tables 1 and 2 A stud} of the results showu m these 
tables immediatel} suggests the role pla}ed by infection 

It would be eas} to pro\e that infection is responsible for the pro- 
duction of w lute bile in dogs if one could draw a hard line betv een 
infection and noninfection Theoretical!} if the infection theor}* is 
correct an animal with white bile should show chracal s}'mptoms of 
illness during the period of obstruction and its bile should contain 
bacteria and man} leukoc}'tes On the other hand a control animal 
should not show an} clinical signs of infection and there should be 
green bile containing no bacteria and leukoc}'tes From the practical 
standpoint these limits are not sharp!} defined and the conditions for 
determining the presence of infection can be onh partially fulfilled The 
fact that bile is stenle after four or fi\e months does not proie that an 
animal did not undergo a se\ ere infection some time dunng that penod 
Bacteria ma} hare been present at one time and ma} have disappeared 
before tlie time of examination On the other hand bile may contain 
bactena even though there are no climcal signs of infection Recent 
extensne investigations b} Andrews-^ hate proted the correctness of 
these statements The significance of the bactenologic examinations 
wall be more thorough!} disclosed later in the paper 

Although there are no definite single cntena for determining the 
presence of infection one can b} using a combination of these signs 
judge whether or not there has been infection Consequently I used 
as diagnostic signs for the presence of infection the follownng cntena 
(1) the clinical picture after operation (postoperati%e condition 
course) (2) the bactena! and leukoc}'tic content of the bile obtained 
four weeks after the operation from the Imng dog (3) the bactenal 
and leukcKWte content of the bile post mortem and f-^) the histologic 
picture of the luer 

The members of group 3 showed the follownng general character- 
istics m common an une\entful course after the first operation aspira- 
tion of stenle bile four weeks later (with the exception of dog 772) a 
serere course after the second operation a high content of nrulent 
bactena m the bile post mortem fStr haemoh-ticus B cob) and a high 
leukocnlic content 

These facts shov that these animals suffered no ill effects as a 
result of the first operation The fact that Staph albus v as present m 
the bile of dog 772 is of little significance since this organism is rela- 

21 Andrews Edmiird Euolog^ of Gallstcres II A.ra1 sis o' DuCt B le 
t-cnn Diseased Lners •\rdi Si.rg 25 lOSi (Dec) I052 
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The first definite description of white bile was given in the works 
of Courvoisier,^ in 1890 This author emphasi7ed the importance of 
the colorless fluid found throughout the entire biliary system rather 
than that found only m the gallbladder 

Kausch - and later Quincke and Hoppe-Seyler “ attacked this prob- 
lem from the mechanical point of view They postulated the so-called 
Paoachohe theory, which is, in effect, that the hepatic cells because of 
excess pressure in the bile ducts direct the bile into the blood stream 
rather than into the bile ducts 

There followed a series of clinical contributions by various authors 
(Berg,^ Kehr ® and others) who described white bile in connection w'lth 
their studies on cholelithiasis The chief contribution made by these 
authors was their review of the most common causes of obstruction m 
connection with the appearance of white bile, i e , tumor, especially car- 
cinoma near Vater’s papilla, cholelithiasis, stenosis of the common or 
hepatic duct, spasm of the sphincter and other conditions 

In contrast with these mechanical theories, there arose the idea 
that functional secretor}’’ processes are responsible for the production 
of white bile in the bile ducts In accordance wuth tbis view Berg 
expressed the opinion m 1916 that one may consider hydrops of the 
bile ducts to be a purely functional disturbance, which can be increased 
by obstruction of the large bile ducts but which is not exclusively pro- 
duced by it In addition, Berg mentioned a special congenital affinity 
of certain parts of the bile ducts for mucostase, which facilitates the 
production of white bile This secretory theory introduced a new idea 
into the consideration of the production of wdnte bile, w'hich pre- 
dominated for a long time Even that explanation w'as not m accord 
with many clinical observations, however Palhn,'’ in his work entitled 
“Cancer in Ductus Hepatico-choledochus,” stated “If one asks wdiy 
this phenomenon is found only exceptionally, apparently without any 
rule, one must admit that one does not know^ anything about it ” 

Further consideration of the functional secretory theory is found 
in the works of Rous and McMaster ’’ published in 1921 These authors 

1 Courvoisier, L Casuistisch-statistische Beitrage zur Pathologic und 
Chirurgie der Gallenwege, Leipzig, F C W Vogel, 1890 

2 Kausch, W Mitt a d Grenzgeb d Med u Chir 14 104, 1904-1905 

3 Quincke and Hoppe-Seyler Die Krankheiten der Leber, in Nothnagel, C 
W H Spezielle Pathologic und Therapie, Vienna, A Holder, 1899, vol 18a 

4 Berg, J Studien uber die Funktion der Gallenwege unter normalen und 
gewissen abnormen Verhaltnissen, Acta chir Scandinav, supp 2, 1922, p 1 

5 Kehr Ergebn d inn Med u Kinderh 13 198, 1914 

6 Pallin, G Cancer in Ductus Hepatico-choledochus, Lund, Hakan Ohlssons 
Boktryckeri, 1919 

7 Rous, Peyton, and McMaster, Philip D The Concentrating Activity of 
the Gallbladder, J Exper Med 34 47, 1921, Physiological Causes for the Varied 
Character of Stasis Bile, ibid 34 75, 1921 
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for the fiist tune produced white bile in the experimental animal As 
a result of their experiments, which were performed on dogs, monkeys 
and cats, they stated as then conclusion that the gallbladder concen- 
trates and thickens the bile while the ducts exert an opposite influence, 
diluting It slightly with a thin secretion of their own This secretion 
IS colorless and devoid of cholates, in the dog it is almost watery and 
clear In an obstructed duct that is separated from the gallbladder 
or connected with a pathologically changed one such fluid gradually 
replaces the small amount of bile originally pent up This is the so-called 
white bile found by suigeons In this connection Rous and McMaster 
distinguished two different systems In their “white system” the gall- 
bladder IS separated from the ducts, and ligation of the common duct 
results m the pioduction of white bile In their “green system” the 
gallbladder maintains its connection with the ducts, and ligation of the 
common duct results m the production of thickened green bile These 
authors found that wdnte bile normally appeared in the white system 
after nine or ten days, wdnle the longest period of observation on the 
green system was forty-four days In their discussion infection was 
considered as merely incidental, the chief emphasis being placed on 
the opposite functions of the gallbladder and the bile ducts 

The theory of Rous and McMaster, which seemed creditable enough 
at the time of its formulation, was weakened by further observations 
Berg, m his monograph on the biliary system, expressed the opinion 
that the underlying cause in the production of white bile is other than 
obstruction, since obstruction alone in most cases results m the appear- 
ance of dark, concentrated bile 

The clinical information on white bile was enriched m 1923 by 
Judd,® who found white bile in nineteen of six hundred and forty-nine 
cases in which opeiation was performed on the common or hepatic 
duct at the Mayo Clinic One of these cases, in w'^hich the bile changed 
to green immediately after removal of a stone from the common duct, 
IS of special interest with regard to the problem of hepatic function 
and its relation to the production of white bile 

Clinical obseivations on relief of obstruction in man led to the 
experimental work of McMaster, Broun and Rous ® on the character 
of the bile secreted after relief of obstruction in dogs Their method 
was to insert a drainage tube into the common duct and keep it 

8 Judd, E S , and Lyons, J H M'^hite Bile in the Common Duct, Ann 
Surg 77 281, 1923 

9 McMaster, Philip D , Broun, G O , and Rous, Pej ton Studies on the 
Total Bile I The Effects of Operation, Exercise, Hot Weather, Relief of 
Obstruction, Intercurrent Disease, and Other Normal and Pathologic Influences 
J Exper Med 37 395, 1923 III On the Bile Changes Caused bj a Pressure 
Obstacle to Secretion and on drohepatosis, ibid 37 685, 1923 
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tnel} avirulent As a result of the second operation all the clinical and 
bacteriologic signs of se\ere infection \\ere noted On the other hand, 
the control dog, which \\as killed four and one-half months after liga- 
tion and on which no second operation had been performed had dark 
green bile and shoi\ ed no signs of infection There as an unei entful 
postoperatne course, and bile obtained post mortem contained onh 
Staph albus and a iev, leukoci-tes Dog 768 had a serious course fol- 
lowing ligation of the common duct, while culture of the aspirated 
bile show^ed Str haemohticus The other two members of group 2, 
howeier, from which green bile was obtained, showed no clinical sjmp- 
toms until after the second operation A consideration of these results 
leads me to the following conclusion 

Experimentation on dogs shows that white bile is produced m those 
cases of obstruction of the common duct in which infection is present 
and extends over a long period 

EXPERIMENTAL AND CLINICAL SIGNIFICANCE OF BACTERIA 
AND LEUKOCATES IN THE BILE 

In my expenments white bile jnelded B coli in ts\o cases and Str 
haemolyticus and B Welchii in two others With regard to the clinical 
cases, w'hich will be reported later the only sample of bile that was 
examined bactenologically contained B coli and B Welchii To 
evaluate properly the significance of the bacteriologic findings one must 
refer to the literature on this subject Bernhard reported the culture of 
B coll m one case, staph} lococcus in another and streptococcus in a 
third while Melchior obtained B cob once On the other hand Klose 
and Wachsmuth as w ell as Gorke -- and Kausch obtained negati\ e 
results in three cases in which white bile was found On the basis 
of these findings Kausch not onh denied the truth of the infection 
theor} but went so far as to sa} that white bile can be produced onh 
m the absence of infection 

A possible explanation for the negatne bactenologic findings 
reported in the literature ma} be that the bacteria at the time of 
examination were dead To substantiate this idea, one has onh to 
bear in mind tire sequence of erents which sometimes occurs in the 
case of a long-lasting abscess The abscess m its acute stages mar be 
swarming wuth micro-organisms ret mar become sterile and free from 
leukoc}'tes after some time IManr cases illustrating this point har e been 
reported m tire literature Josa stated that the bacteria m an appen- 

22 Gorke, H Deutsche med Wchnschr 48 1166 1922 

23 Josa Lidislaus Ueber einen seltenen Fall \on Appendicitis phlegmonosa 
im obhterierten Wurmfortsatz Zentralbl f Chir 62 259 1935 
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clamped for twenty-four liours The result was a copious secretion 
of bile with a low pigment content In another series of similar experi- 
ments they produced a colorless fluid by putting a rubber bag into the 
abdominal cavity of the dog and connecting it with the common duct 
The bag was emptied every twenty'-four hours through an opening in 
the abdominal wall 

Further clinical information on relief of obstruction was added in 
1930 by Walters and Gieeiie,^® who described four cases in which white 
bile was replaced by' green bile after relief of an obstruction These 
authors suggested that cholangeitis may' be of importance in the produc- 
tion of white bile 

The idea that infection may' play a part in the production of white 
bile has been advanced by' many' authors Among the first to give this 
thought serious consideration were Kummel and Gundermann 
Melchior stressed the virulence of the bacteria as a factor in the pro- 
duction of colorless fluid in the ducts In the Japanese literature 
Soejima stated that infection is important m the genesis of white 
bile Following this idea is the w'ork of Bernhard/ ‘ w’ho performed a 
great number of experiments on rats and rabbits and gave due emphasis 
to the problem of infection He devised a method of keeping the 
animals alive long enough for the bile to finish its process of decoloriza- 
tion By means of continuous injections of sucrose he prevented the 
death of the animals, w'hicli ordinarily' occurred from insufficiency of 
the liver a short time after ligation of the common duct In rats white 
bile was found from twenty-four to forty-four days after ligation As 
a result of his first series of experiments Bernhard concluded that 
infection does not play' an important role in the decolorization of bile 
Further experimentation, however, led him to reverse his opinion 
By ligation of the common duct in rats he obtained w'hite bile in some 
instances and green bile in others Obsen'ation showed that the rats 
from which the white bile was obtained had been afflicted with severe 
enteritis previous to the operation, while the others were normally 
healthy animals On the basis of this observation he stated as his 
conclusion that infection may play' some part, the bacteria traveling 

10 Walters, W , Greene, C H , and Frederickson, C H The Composition of 
the Bile Following the Relief of Biliary Obstruction, Ann Surg 91 686, 1930 

11 Gundermann, W Mitt a d Grenzgeb d Med u Chir 39 353, 1926 

12 Melchior, E Zentralbl f Chir 58 135, 1931 , Beitr z klin Chir 139 
162, 1927 

13 Soejima, R Ueber die weisse Galle und den Hydrops der gesamten 
Gallenwege, mit besonderer Berucksichtigung ihrer Aetiologie, Zentralbl f Chir 
31 1738, 1925 

14 Bernhard, F Deutsche Ztschr f Chir 222 66, 1930, Zentralbl f Chir 
57 194, 1930, Beitr z klin Chir 150 82, 1930, 154 389, 1932 
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dix \\hich has become stenosed as a result of inflammation lose their 
virulence and for the most part die 

By analog} it is not surprising to find that old white bile is sterile 
In lu} own experiments the bacteriologic examinations gave positive 
results in all cases even after four and one-half or five and one-half 
months Perhaps the mildly -virulent nature of the bacteria did not 
allow the process to complete itself within so short a time In the only 
clinical case in which a bacteriologic examination was made the results 
were positive 

While negative bacteriologic findings do not necessarily speak against 
the infection theor} positive results form a strong support for it It 
must be borne in mind m this connection that the gallbladder, according 
to the ork by Andrew s, has a normal bacteriologic flora, consisting of 
streptococci members of the B coli group and B Welchii It is evi- 
dent that no definite conclusions on this subject can be drawn from the 
bacteriologic findings alone 

Further valuable information about the presence of infection in 
cases in w'hich wdiite bile is found is gii'en by the leukocyte content, 
which is greatl}’- increased in the presence of infection 

White bile, m clinical reports, is often referred to as milky bile 
and is described as a w'hite flaky material mixed with colorless fluid 
The French refer to this as bile loifeuse, while in the protocols of one 
of m}' owm clinical cases the colorless fluid is described as milky Unfor- 
tunately, not many microscopic examinations of this material have 
been made It is possible that rvhite bile consists, in part at least, of 
cholesterol Nevertheless the microscopic diagnoses that have been 
made indicate that these flakes consist in large part of leukocytes as 
well The role played by the leukocytes in efiFecting this decolorization 
IS best illustrated in the extreme but rare condition of purulent cholkn- 
geitis in w'hich the green hepatic bile is replaced by a colorless purulent 
fluid Probably the most purulent stage had already been passed at 
the time of examination, thus accounting for the small number of bac- 
teria and leukocytes found 

Thus, in evaluating the pathogenesis of white bile one may say with 
some assurance that bactena and leukocj^es, if not present at the time 
of examination were present at least at some time during the develop- 
ment of the colorless fluid 

There are two possible routes bj' w'hich bacteria may enter the bile 
One IS by direct ascension up the ducts as in infection due to the pres- 
ence of a calculus , the other is a hematogenous spread from the intestine 
by w'ay of the portal r ein into the biliary system 
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through the intestinal %\all and b} waj of the portal \em into the 
stagnant bile Further experimentation on rats in hich intestinal infec- 
tion i\as produced bi means of a special diet of milk or such drugs as 
sodium bicarbonate or castor oil seemed to \erif} this idea 

M} own work^® in relation to this problem showed further the 
importance of infection of the stagnant bile In m) experiments I 
used rabbits, which bi special treatment can be kept alne long enough 
The biliary system of this animal is especial!} sensitne, and changes 
in the bile occur rapidh 

Briefly, the results of iin experiments were as follows Ligation 
of the common duct in serenteen rabbits was followed b} the pro- 
duction of white bile m four instances In those four cases onl\ one 
sample of bile was found to be sterile the others containing Baal- 
lus coll and streptococci Se\en da}s after ligation was the shortest 
time m which white bile occurred The h\er showed little cholangeitic 
reaction A striking fact was that in cases in which white bile was 
collected the hepatic cells showed reiatneh little changes, whereas in 
cases in which green bile was found the Iner showed extensne necrosis 
and cirrhosis and contained almost no tunctioning parench}ma 

As regards infection I could formulate onl} a reser\ed opinion as 
m} obseiw^ations were based onh on the bacteriologic and leukoc}tic 
content of the white bile Moreo\er the bactenologic results were 
not certain since the animals died spontaneous!} and the bile could be 
examined onl} at a later date, learing open the possibiht} of a post- 
mortem imasion b} bacteria I concluded from m} experiments that 
infection ma} pla} a role in the pathogenesis of white bile in rabbits 
and that, in addition the condition of the hepatic cells mai pla} some 
part since I found a correlation between white bile and a well tunc- 
tioning iner, on the one hand, and green bile with an extreme!} 
damaged Iner, on the other 

This brief reMew ot the literature shows that the problem of white 
bile is not }et sohed The mechanical theor} of Quincke and Kausch 
w'as soon replaced b} the idea of a functional secretoiw process The 
white and green s} stems of Rous and McMaster, howe\er could appl} 
onl} to expenments on animals in which no infection occurred The 
authors themsehes stated that the} focused their attention mamh on 
the cases in which there was no infection Rous in one of his discus- 
sions stated 

In a dog from which we were making dar to da> collections of the bile irom 
different portions of the In er miection occurred in one oi the duct s\ stems drained 
b^ rubber tubes ■\lmost at once its output became thickh mucinous and p^ac- 

15 Aronsohn H G Weisse Galle im Tierexperiment und in der Chirurgie, 
Beitr z klin Chir 156 63, 1932 
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CLINICAL CASES 

Few clinical cases in which white bile was found have been reported 
m the liteiatuie It may be of some value to report a few such cases 
111 this regard and to study the pathogenesis of white bile on the basis 
of the clinical cases aiailable 

Examination of the lecoids of opeiation on the common bile duct at 
the University of Chicago Clinics for the last five years reveals that 
theie was only one outspoken case of white bile There were three 
other cases m which the bile eithei was light green oi on chemical exami- 
nation showed so little of the normal bile constituents that I feel justified 
m considering them m this discussion 

It would be well to mention at this point that my obsen^ations were 
not made on bile collected from the Iner in all the cases to be reported 
Nevertheless, since drainage of the gallbladder resulted in a collapse 
of the dilated bile ducts, I feel justified in assuming that the bile 
aspirated from the gallbladder represented that present throughout the 
entire hver-gallbladdei system 

The obstruction w'as caused in one case by carcinoma of the head 
of the pancreas and in another by a stone in the common duct In 
tw'o other cases it resulted from old injuries followung operations for 
stones m the common duct 

The prognosis on the basis of these cases is fa\orable In view of 
the fact that one patient died of peritonitis ten days after the opera- 
tion, the mortality, as far as I can judge from the few cases cited, corre- 
sponds fairly well wuth Judd’s figure of 21 per cent 

Case 1 — Mrs E A , aged 35, had a history of pain m the epigastrium and 
the right upper quadrant of the abdomen beginning twelve %ears previously She 
did not remember whether she had been jaundiced Seven jears before admission 
the gallbladder, w^hich she said contained stones, was remo%ed, and since that time 
the patient had had periods of jaundice, chills, tenderness in the epigastric region 
and Itching Attacks occurred wuth great irregularity, sometimes lasting for ten 
da>s The present attack had lasted for one week and had consisted of tenderness 
m the epigastric region, chills, nausea, \omiting, jaundice, itching and a tempera- 
ture as high as 102 F 

At operation a short bile duct was found anastomosed to the duodenum or 
stomach m a mass of adhesions No stones w'ere palpable It seemed probable 
that there had been an injury and possible resection of part of the common bile 
duct followed by anastomosis of the duodenum and the hepatic duct The bile 
duct was seen to contain a clear white fluid Nothing was done at the operation 
except free the ducts from adhesions The postoperatu e course was normal and 
satisfactory 

This case clearly illustrates the clinical picture seen m cases m which 
white bile is found The clinical bistort revealed that attacks of pain 
in the right upper quadrant had occuried irregularly for seven years 
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ticalh lost Its biliary character, being but faintly tinted uitli bilirubin, whereas 
the companion bile that served as a control was thin and dark 

These authors considered the occurrence of an infection a complica- 
tion which made their results unpicdictable “Infection may so change 
the gall bladder that a white S3'stem develops, where a green one is 
expected ” 

It IS possible that this infection, observed incidentally by Rous and 
considered an unnecessary complication in his expeiimcnts, is actually 
a vital factor in the pathogenesis of white bile 

Furthei proof of the dubiousness of Rous’ theor}' is given by the 
experiments of Bernhaid on rats Since the rat does not have a gall- 
bladder, ligation of the common duct naturall}" results in the appear- 
ance of the white system of Rous and leads one to expect the 
production of white bile m all such cases Nevertheless, in thirty such 
animals Bernhard found white bile only once 

Another fact supporting the idea that infection is the probable 
cause is that obstruction of the common duct which results in the pro- 
duction of w'hite bile m man is caused most often by a stone w'hich is 
accompanied by infection more frequently than is any other cause of 
obstruction 

One of the chief obstacles in the study of this prolilem has been 
the lack of bactenologic examinations of the wdiite bile 

Aschoff and Gundermann ha\e shown that colorless hydrops of the 
gallbladder is often produced by infection One cannot, however draw 
a parallel between white bile and colorless hydrops of the gallbladder 
In the first place, the function of the mucous membranes of the ducts 
and that of the mucous membrane of the gallbladder are very different, 
as Rous has shown The obstructed gallbladder, moreover, is a system in 
which only the mucous membrane of the gallbladder can influence the 
bile, whereas when the bile ducts are obstiucted not only the mucous 
membrane of the ducts but also the hepatic cells mav play an important 
part 

For these reasons one cannot properly draw'^ an analysis between the 
pathogenesis of white bile and that of colorless hydrops of the gall- 
bladder Bernhard, as previously mentioned, artificially produced intes- 
tinal infection m rats and obtained white bile after ligation of 
the comlnon duct This indiiect method of pioducing infection of the 
biliary system, however, cannot be considered a final proof of the 
correctness of the theory of infection My method was to produce 
infection of stagnant bile in dogs directly by injection of bacteria into 
the obstructed biliary system 

16 Aschoff, L , and Bacmeister, A Die Cholelithiasis, Jena, Gustav Fischer, 
1909 
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after cholecystectomy for cholelithiasis These attacks, lasting as long 
as ten clays, had been accompanied by more or less severe jaundice, 
fever, chills and tenderness 

In this case there were short recurrent attacks, due to more or less 
complete obstruction, which disappeared in a few days without treat- 
ment Fever, chills and epigastric tenderness pointed toward an inflam- 
matory process in the biliarj’- system, but the exact nature of this process 
IS not known It inaj' have been either secondary cholangeitis following 
primary mechanical obstruction or primarj' cholangeitis causing obstruc- 
tion by sw'elling of the mucous membrane Which of these processes 
had taken place is of no consequence for this discussion The significant 
point is that the common duct was obstructed at intervals over a long 
period, w'lth accompanying infection 

On the basis of these facts it was no surprise on operation to find 
colorless bile In fact, the shortness of the duration of the attacks 
as well as the mild nature of the jaundice and infection led me to 
expect a less completely decolorized bile The findings at operation 
explained this discrepancjq since obstruction was found to be more 
complete anatomically than the clinical symptoms indicated 

Case 2 — Mrs I M, aged 35, for the past four jears had had an intermittent 
dull pain in the right lower quadrant, w'lthout an\ feier, tenderness, nausea, vomit- 
ing or jaundice A roentgenogram reiealed stones in the gallbladder 

On Oct 18, 1929, cholecj stectomy w'as performed The gallbladder contained 
numerous greenish stones, but there were no signs of acute infection A few 
dajs later, however, as a result of injury during the operation, the common duct 
W'as completely obstructed 

On October 29 the common duct was repaired and a T tube inserted The 
postoperative course was une\entful The biliarj discharge w'as profuse at first 
During the next tw'o vears, how'cver, the patient had frequent attacks of pain, 
fe\er and jaundice 

In January 1931, because of se\ere pain profuse diarrhea, jaundice and pruritus, 
a diagnosis of cholangeitis and obstructive jaundice w'as made 

On March 19, 1931, the common duct was again repaired and a T tube inserted 
Daily specimens of bile w'ere obtained until the tube w'as wnthdrawm forty days 
after operation For a few davs after the operation the flow from the tube was 
scant}, and the material w'as light, as one w'ould expect after relief of obstructive 
jaundice From then until the tube was w'lthdraw'n, however, the bile was of 
normal appearance Chemical examination b} the aminonitrogen method showed 
absence of bile salts and an unusually low cholesterol content for nearly three 

weeks The -values soon rose to fairh normal levels, however 

This case is verj' similar to the preceding one Cholecystectomy 
resulted in such severe injury to the common bile duct that a few days 
after operation there was complete obstruction, making necessary a 
second operation A T tube was inserted, and a profuse bilious dis- 
charge appeared This fistula remained in place for two years, and 

during that period the patient had frequent attacks of pain in the upper 
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EXPERIMENTATION ON ANIMALS 

The procedure was as follows Ligation of the common duct was pertonned, 
accompanied in a few cases bv a cholecj stectom\ , to determine whether the b!har% 
sjstem would react differently without a gallbladder This was follow'ed four 
weeks later by a second operation, at which bile w'as aspirated and bacteria were 
injected into the walls or cavities of the gallbladder and bile ducts Infection 
occurred either spontaneoush after ligation of the duct or after injection 
of bacteria Cultures were made of the aspirated bile The dogs either died 
spontaneously or w'cre killed after from four and one-half to five and one-half 
months The animals w’cre constanth obserred for any signs of infection, special 
emphasis being placed on the bactenologic examination of the bile at different 
stages 

I chose the dog for m\ experiments, since this animal survives for mam months 
after ligation of the common duct, thus permitting obsenations to be made for 
a much longer period than is possible with rabbits and rats kIoreo\er, a second 
operation can be performed on dogs wuth much less risk than on smaller animals 
The operations were performed with the animals under ether anesthesia and 
with strictly aseptic conditions Obstruction was produced by double ligation 
of the common duct and transection betw’een the tw'o ligatures 

In every case great care was taken to determine the presence or absence of 
an accessory duct In no instance were the ducts found to be grown together 
at an\ time after the operation The wounds for the most part healed well, with 
the exception of a few small stitch abscesses 

Various strains of bacteria w>ere used for the injections, Bacillus coli Yielding 
the best results Staphylococcus aureus and Staphylococcus albus did not produce 
the desired infection in all cases, w'hile some highh virulent organisms, such as 
Streptococcus haemolyticus, w^ere fatal to the animal m a short time 

A suspension of the bacteria in saline solution containing about a billion organ- 
isms per cubic centimeter W’as used Two cubic centimeters of this suspension was 
injected into the w'alls and cawties of the bile ducts and gallbladder 

I used the followung features as criteria of the presence of infection m my 
clinical observations degree of apathy, ability' to take nourishment, qualits of 
the stool and the presence and extent of jaundice 

Different parts of the gallbladder and bile ducts w'ere selected for the aspira- 
tion w'heneser possible A bactenologic examination of the bile w'as made in 
every case, and also a chemical analysis and a sediment test w'henever there was 
sufficient material The bilirubin content was determined b\ the method of Schmidt 
and Jones,i" the cholesterol content by that of Bloor and the content of bile acids 
by that of Schmidt and Dart Histologic examinations w ere made in er er\ case 
Ligation of the common duct W'as performed on eleven dogs, with superimposed 
cholecvstectomv in two cases Four of these dogs, constituting group 1, died 
from two to twenty da^s after the first operation Six of the se\en remaining 

17 With reference to the bilirubin determinations, it should be stated that 
there are no strictly accurate methods, but I have used the method of Schmidt and 
Jones, w'hich I believe to be the most accurate method in use at present (Schmidt 
C R , and Jones, K K A Method for the Determination of the Total Pigment 
in Bile, Proc Soc Exper Biol & Med Zi 17, 1936) 

18 Bloor, W R The Determination of Cholesterol in Blood, J Biol Chem 
24 227, 1916 

19 Schmidt, L W , and Dart, \ E Estimations of Bile Acids in the Bile, 
J Biol Chem 45 145, 1920 
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part of the abdomen, jaundice of varying intensity and fever During 
those attacks the flow of bile from the fistula ceased The stool was 
clay-colored and the urine dark The clinical diagnosis was obstructive 
jaundice and cholangeitis The last attack, of special severity, lasted 
for seven weeks and was accompanied with profuse diarrhea, making 
necessary another operation and the insertion of a T tube For a few 
days after the operation the bile issuing from the tube was light-colored, 
and then it became normal again 

This was a case of biliary stasis accompanied with infection The 
individual attacks were of short duration, indicating that the inflam- 
matorj' process %\as mild However, the last attack, which led to opera- 
tion, was of special seventy and of long duration (seven weeks) and 
was characterized not only by cholangeitis but by profuse diarrhea It 
IS highly probable that the last obstruction was chiefly responsible for 
the change in the character of the bile The bile would probably have 
been completely discolored if the preiious attacks during the last two 
years had been the result of complete obstruction 

Case 3 — Mr I D , aged 73, for the past four years had had attacks of pain 
in the right upper quadrant of the abdomen, radiating to the right shoulder 
Two of the attacks were especiallj severe and were accompanied with nausea and 
vomiting, followed b\ jaundice, which lasted for six weeks The attacks were all 
accompanied with chills, feier and tenderness in the right upper quadrant The 
last attack was especially severe, occurring from ten to fourteen days before 
admission and accompanied with pain similar to that previously mentioned, chills, 
fever and the excretion of dark red urine 

On admission to the hospital the patient had jaundice and pain At operation 
a stone was removed from the common duct, and a T tube was inserted There 
were adhesions to the gallbladder, which was slightly thickened The common 
duct was greatlj dilated There were about twenty-five stones m its lower por- 
tion and about thirty-five in its upper portion and in the hepatic ducts 

Dailj drainage yielded on the average from 300 to 400 cc of fairly clear 
bile Chemically the specimens for the first four days contained a small amount 
of cholesterol, but the amount rapidly became normal Not one of the daily 
specimens contained anv bile salts 

The patient died of biliary peritonitis on the tenth day autopsy both the 
hepatic and the common duct were increased in diameter, and five stones were 
present in the latter The liver weighed 1,550 Gm , and the cut surface was some- 
what opaque and brownish rather than green Microscopically there was a con- 
siderable increase in the amount of periportal connective tissue, and in some places 
there was marked round cell infiltration A diagnosis of beginning biliary cirrhosis 
was made Bactenologic examination of the bile showed B coli and B Welchii 

In this case there was a history of severe attacks due to the presence 
of gallstones for the last four years, two of the attacks being especially 
severe and indicating the presence of complete obstruction These 
attacks were accompanied with vomiting, nausea, fever and chills and 
were followed by jaundice, lasting as long as six weeks Operation 
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animals were subjected four weeks later to a second operation, which consisted 
of aspiration of hile from the gallbladder and injection of bacteria The seventh 
animal was used as a control Group 2 consisted of three dogs which died from 
one to thirteen days after the second operation The three other dogs and the 
control dog, which remained alive and were killed from four and onc-half to five 
and one-half months later, constituted group 3 This last group included the 
two dogs on which cholecvstectomj was performed 

There follow thiee protocols of clogs m which the character of the 
bile showed a significant change and the protocol of the control animal 
The bile from all the dogs in gioup 1 and fiom two members of group 2 
was grossly normal with respect to coloration , hence the protocols for 
those dogs have been omitted The bactenologic lesiilts for all the 
specimens, however, are of significance and have been included m table 1 

Dog 415 — The first operation, consisting of ligation of the common duct and 
cholecystectomy, w'as performed on June 19 Severe jaundice dev^eloped, and the 
stool was colorless Tliere vv'ere no marked s>mptoms The animal recovered 
m a short time Persistence of a small stitch abscess was noted 

The second operation was performed on Jul} 17 Extensive adhesions were 
present, and the common and the hepatic duct w'ere markedlj dilated Aspiration 
yielded a small amount of dark green bile Two cubic centimeters of a suspension 
of Staph aureus m saline solution was injected into the wall and the cavitj of 
the common duct A bacterial culture gave negative results A few leukocytes 
were observed in the sediment 

The postoperative course was sev'ere, the aninnl was completelj apathetic 
for twelve days and refused to take food Signs of recoverv were noted after 
three weeks 

On December 5 the dog was electrocuted Postmortem examination showed an 
abscess of the spleen as large as a kernel of rice Extensive adhesions were noted 
around the common duct, which was 1 cm m diameter The diameter of the 
C 3 '’stic duct measured 6 mm The intestinal mucosa was red and hyperemic 
Three cubic centimeters of mucinous, watery, clear fluid was aspirated 

Culture of the bile jnelded Str haemolyticus and Bacillus Welchii Chemical 
analv'sis showed that no bilirubin, cholesterol or bile acids were present The 
sediment contained many leukocytes 

In the liver there was marked fatty infiltration, some areas being spared 
No pigment was present m the hepatic cells, but a good deal w'as present m the 
capillaries Little interstitial round cell infiltration was seen 

Dog 772 — The first operation, consisting of ligation of the common duct and 
cholecystectomy, was performed on July 25 Severe jaundice developed, and 
the stool was colorless There were no marked sv'mptoms The animal recovered 
m five days 

The second operation was performed on August 23 Extensive adhesions were 
present between the duodenum and the liver The common duct was in the depth 
of these adhesions and not greatly dilated The hepatic duct was only slightly 
dilated 

Aspiration yielded 0 5 cc of dark green bile Two cubic centimeters of a sus- 
pension of B coll in saline solution was injected into the wall and cavity of the 
common duct Bacterial culture yielded Staph albus 
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revealed a gi eat)} dilated common duct obstructed by stones A T tube 
was inserted and the bile collected The bile was clear and on chemical 
examination showed an absence of bile salts and a low concentration 
of cholesteiol After four days, however, the bile became normal At 
postmortem examination the bile was seen to contain B coli and B 
Welchii Grossly the liver was abnormally light green, while micro- 
scopically there were areas of round cell infiltration and a tendencv 
toward biliary ciirhosis 

The clinical history as well as the postmortem examination showed 
all the necessaiy conditions for the pathogenesis of white bile There 
was complete obstruction of the common bile duct, accompanied with 
an infection of the liver that was so severe as to cause the appearance 
of beginning biliary cirrhosis White bile w'^as obtained, as wmuld be 
expected, but it w'as not as completely decolorized as the conditions 
present indicated that it wmuld be It is possible that the presence of 
a gallbladder that was fairly normal anatomically operated against the 
formation of white bile by favoring concentration 

Case 4 — Mr O H , aged 69, had been jaundiced, without remissions, for six 
months, and at the same time severe diarrhea had developed The stools were 
colorless, but the diarrhea disappeared after the patient was placed on a special 
diet, only to reappear two weeks before his admission to the hospital The patient 
had lost SO pounds (22 7 Kg ) in the last year and for the past six weeks had 
had abdominal distention and edema of the legs At no time did he have pain 
The temperature before operation was 100 5 F 

Operation revealed the presence of carcinoma of the head of the pancreas 
The common duct was greatly dilated (3 cm in diameter) and tense The gall- 
bladder was greatlj' distended and contained about 100 cc of turbid brownish, 
milkv bile When this material was aspirated from the gallbladder the common 
duct collapsed Exploration revealed a patent cystic duct and carcinomatous 
metastases m the Iner Cholecj stogastrostomj was performed, and four daj^s later 
bile was found m the stool The patient left the hospital in good condition 

The history of this patient is of particular interest in that biliary 
stasis was accompanied with intestinal infection The stasis w^as caused 
bv a carcinoma of the head of the pancreas, which was responsible also 
for the complete obstruction of the common duct and the jaundice of 
SIX months’ duration The condition was accompanied with severe diar- 
rhea, although there w’^ere no symptoms of infection of the biliary system 
The extreme dilatation of the bile ducts and gallbladder observed at 
operation was an anatomical indication of the completeness of the 
obstruction The bile that w^as aspirated from the gallbladder was par- 
tially discolored One may safely assume that the bile from the liver 
was of the same nature, since puncture of the gallbladder resulted in 
collapse of the duct system 

The occurrence of intestinal infection with obstruction of the com- 
mon duct and biliary stasis corresponded to the results obtained bv 
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crystals dissolved m spinal fluid cause so much headache Such a solu- 
tion IS strongly hypertonic and to that degree is irritating In the cat 
at least the matter of isotonicity is of great importance In that animal 
the exposed cervical cord can be edematized with Ringer’s solution 
with no disturbance at all, but if the Ringer’s solution is diluted with 
distilled water the cat dies within a few seconds Finally, the tem- 
perature of the injected solution is important There is no question 
that the injection of a cold solution into the subarachnoid space is irri- 
tating and harmful ® 

Besides these positive characteristics of injected fluids it is to be 
remembered that solutions brought into prolonged contact with the 
tissues of the central nervous system may be irritating because of what 
they lack The most common clinical demonstration of this is the 
violent headache which follows the introduction of air into the cerebro- 
spinal space in ventriculography ^ As it is saturated almost immediately 
by water vapor, it is impossible to think of the air as an irritant per se, 
but by virtue of what it keeps away from the tissues, in practical results 
It IS an exceedingly severe irritant Weed,® studying the reactions of 
the meninges in cats, found that the lack of calcium has a similar result 
Any solution which lacks a trace of that element is irritating and will 
cause the death of the animal in a few hours 

The first step of the present investigation was the development of an 
anesthetic solution as nearly as possible free from irritating properties 
Procaine hydrochloride is the least irritating of suitable drugs A solu- 
tion of procaine hydrochloride of a concentration of 5 48 per cent is 
isotonic I have used various combinations of procaine hydroclilonde 
with dextrose and saccharose m order to increase the viscosity of the 
solution, but so far as my experience goes a simple solution of procaine 
hydrochloride of a strength from 5 to 5 5 per cent is just as good as 
any of the combinations To such a solution calcium chloride is added 
in a quantity sufficient to make its strength 0 024 per cent, this figure 
being taken from Weed’s work on cats In the winter this solution is 
warmed to body temperature before injection In the summer Muscat 
is so warm that this point requires no attention The pn of the solu- 
tion IS set between 7 and 7 2® 

3 Weed, L H , and Wegeforth, P J Pharmacol & Exper Therap 13 317, 

1919 

4 Sachs, Ernest The Diagnosis and Treatment of Brain Tumors, St Louis 
C V Mosby Company, 1931, pp 342 and 123 

5 Dr W C Harden of Baltimore worked out the details of this solution It 
was the hope originally that we could work together on a much more thorough 
imestigation of the problems of spinal anesthesia, the chemical problems as well as 
the clinical ones, but Muscat and Baltimore are too far apart for that to be orac- 
ticable 
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The limitations of such a solution are obvious It will afford an 
anesthesia of an hour to an houi and a quartei but not more It is a 
heavy solution, as indeed any effective solution of procaine hydro- 
chloride must be unless diluted with something like alcohol Therefore 
It cannot be used with the patient in the Trendelenburg position and is 
unsuitable for operations in the upper portion of the abdomen, when 
It is imperative that the patient be in the Trendelenburg position to 
maintain the blood supply to the brain and usually for the actual opera- 
tive procedure as well In Muscat nupercaine is used for such operations 
With the introduction of this nonirritating solution severe post- 
anesthetic headache has disappeared, and the postoperative comfort of 
the patients is gratifying The clinical impression is that when this 
solution can be used the problem of spinal headache has been dis- 
posed of 



Fig 1 — A clinical picture confused by morphine given postoperatively to a high- 
strung Persian aged 32 The headache occurred six hours after the disappearance 
of the anesthesia and continued until the patient went to sleep at 10 00 p m 
Headache was not present on the following morning The systolic blood pressure 
IS indicated by the circles The height of the anesthesia in segments is indicated by 
the solid dots The arrow shows the level at which the anesthetic was introduced 
and the time of its introduction The shaded areas indicate the operations, and 
the cross-hatched area, the headache 

Unfortunately this impression is not entirely correct Questioning 
shows that many patients suffer from headache which is too mild to 
cause complaint Moreover, they are comfortable only if they remain 
recumbent Those who sit up and walk around after the operation fre- 
quently suffer from headache, which may be very severe and persistent 
This was a disappointment, for in Arabia operations must be performed 
on many patients who wish to walk home afterward, and no method of 
anesthesia can be regarded as satisfactory unless it makes this possible 

The study of this form of headache offers certain difficulties Post- 
operative medication can mask such a headache Figure 1 is the chart 
for such a case Various causes may result in headache quite uncon- 
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Bernhaid in his experiments on rats The carcinoma of the head of 
the pancreas probably was instrumental in the production of diarrhea 
by way of the pancreatic enzymes This then resulted in an intestinal 
infection, which may have caused secondary involvement of the biliar)- 
tract and thus probably explains the sequence of events 

In addition to the cases just discussed in which white bile was found, 
I shall describe two cases in which long-lasting stasis of the bile did 
not result in decolorization To illustrate this condition, I have chosen 
two cases of congenital obstruction, since it is easy in these cases to 
demonstrate why the bile does not undergo any change 

Case 5 — R C, aged 1 month, was seen to have blue spots on the face imme- 
diatelj after birth but was otherwise normal On his admission to the hospital, 
four weeks after birth the infant’s skin was very dark, the scleras were yellow 
and the mucous membrane was pigmented The liver e-^.tended 2 fingerbreadths 
below the costal margin, the urine was dark green and contained bilirubin and the 
stool was cla> -colored Operation revealed complete obliteration of the common 
and the hepatic duct The liver was greatly enlarged and slate black The 
gallbladder was thin and somewhat distended and contained clear golden yellow 
bile An anastomosis was made between the fundus and the anterior wall of the 
stomach Culture of the bile showed no growth There was no fever, and the 
postoperatne course was excellent 

Immediately after birth there were signs of complete obstruction 
of the common duct, i e , clay-colored stool, general severe jaundice, 
urine containing dark green bile and hemorrhages in the skin of the 
face The general condition of the patient, however, was little dis- 
turbed, there being no pain or fever, and the intake of food was normal 

Operation, performed thirty days after birth, revealed normally col- 
ored bile in the gallbladder and a strikingly dark liver, apparently rich 
m bile pigments The finding of green bile m a case of congenital 
obliteration of the bile ducts of thirty days’ duration is not at all sur- 
prising Neither clinically nor anatomically were there any signs of 
infection accompanying this stasis This was further substantiated by 
the sterile bactenologic cultures 

Since white bile has been seen to be produced after a period of 
obstruction lasting for sixteen days, an obstruction of thirty days’ dura- 
tion would surely be long enough for white bile to be produced Besides, 
this stasis maj^ have been of still longer duration than thirty days, since 
obliteration of the ducts may have occurred during fetal life 

Case 6 — I D ,aged 5 months, had become mcreasinglv jaundiced since two da\s 
after birth He had gained weight poorlv, the stools had alwais been white and 
the urine w'as deep orange On admission the infant was intenseh icteric, not well 
developed and poorlv nourished but did not appear acuteh ill The Iner was 
greath enlarged, the urine contained bilirubin and examination of the stool reiealed 
no urobilin 
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At operation the lucr was ohser^td to he hard and somcv hat enlarged, and the 
gallbladder was \crj small, containing 2 cc of clear mucus An attempt was 
made to find the hepatic duct bj means ot an aspirating needle, but without 
success The gallbladder was opened, and its cavity was paclcd with gaure 
w’hich was then led to the surtace The infant died one dav later of broncho- 
pneumonia 

At autopsj the lucr was oliscried to be hard and green All lobular markings 
were obliterated bj a diffuse infiltration of whitish tissue Tiie gallbladder con- 
tained no bile, and its mucosa was not bile stained The cvatic duct, common duct 
and ampulla of Vatcr were not patent, and the hepatic duct was absent On section 
the liver showed a marked growth of fibrous connective tissue in the portal triads 
but onlj a few poK morphonuclcars and Ivniphocvtc', In this connective tissue 
and about the peripherv of the lobules there vas a marked increase iii the number 
of bile ducts, the ducts often containing dark masses of bile pigment The capsule 
of the liver was greath thickened and contained nianj bile ducts Main or the 
capillaries were distended with bile, cspccialK those in the center or a lobule 

This case is terv siniilar to the prececlinti one except that at opera- 
tion thick green bile was found onlv in tlie liver, while the gallbladder 
contained clear mucus 

The clinical picture revealed no signs of infection While it is true 
that the infant was poorlj developed and poorlv' nourished, it is speci- 
fically stated m the history that he was not acuteh ill The absence 
of infection, proved anatomically as well as clinically, could account for 
the finding of thick green bile in the liver But bow can the presence 
of clear fluid m the gallbladder be explained^ If the contents of the 
gallbladder had originally been green bile, there is no reason to believe 
that It alone, and not the bile from the liver, should hav^e become dis- 
colored This IS readil} understood if it is assumed that the hepatic 
ducts were already obliterated when the liver became functional during 
fetal life That would have prevented the gallbladder from ever receiv- 
ing any bile The slight amount of mucus present had probably been 
secreted by the mucous membrane of the gallbladder itself, stimulated 
by the stasis 

PXTHOGENESIS OF WHITE BILE 

Closed System— On the basis of the foregoing evidence one can 
now offer a likely explanation for the fact that in some cases of obstruc- 
tion white bile is obtained and m others green bile White bile is prob- 
ably produced by an infection of stagnant bile which has existed for a 
long time 

This point is one of the most important factors in the understanding 
of the pathogenesis of white bile One must next attempt to determine 
the function of infection in the process and, m addition, to explain what 
white bile is Does infection have the povvei to change green into white 
bile, or IS white bile the product of infected bile ducts, after the green 
bile has been in some manner removed^ 
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The animals in which simple obstruction had been done were killed in from 
four to thirtv-si\ days, the animals in which subsequent decompression was done 
were killed m from two and one-half hours to seven da}s In no instance was 
there anv evidence of peritonitis, and the observations at autopsy on the control 
group paralleled the obser\ations on the other group at the second operation, 
when decompression had been done In nil the dogs m w'hich decompression had 
been done the liver had decreased in size and the jaundice had decreased m 
degree The onl\ notable gross changes were in dog 6, m which the liver was 
studded with small abscesses seven davs after decompression, and m dog 13, in 
W'hich the Iner was peculiarh soft and friable four dajs after decompression 

Histologic study of sections of the hvcis of both groups of dogs 
showed vaiious degrees of neciotic change in the livei cells, especially 
those in the innei third of the lobule and about the large bile ducts 
In no instance how'ever, did it appioach the degree of necrosis noted in 
either the clinical ot the experimental cases of “liver death” studied 
in oui fiist report The less marked charactei of the neciotic change is 
easily explained The dogs in which obstruction was continued longest 
in this group of experiments did not have their gallbladdeis removed, 
as did the dogs in which necrotic changes were observed in our first 
senes of experiments 

These necrotic changes aie purely mechanical and are the direct 
result of the inciease in the intrahepatic pi assure which follows experi- 
mental obstuiction of the bile duct When the gallbladder is in situ, it 
selves as a sort of buffer, in that it absorbs and concentrates the bile, 
thus 1 educing it in quantity, and it acts also as a reservoii for bile As a 
consequence, the rise in intraductal pressuie, as well as the subsequent 
rise in intrahepatic piessure, is more gradual than is the rise in pressure 
when the gallbladder has been removed When cholecystectomy has 
been done in addition, the intiahepatic ducts and the intraductal hepatic 
system in turn become enormously dilated as bile accumulates and biliary 
stasis increases The pressure in the intrahepatic vascular tree must 
rise correspondingly to permit the liver cells to function at all, and it 
IS a physical phenomenon that the cells first become atrophied and then, 
as the pressure increases, exhibit all gradations of change from simple 
degeneration to actual necrosis That, if we may so express it, is the 
normal pathologic picture that follows biliary stasis 

When the biliary obstruction is released, on the other hand, and pai- 
ticularly when it is abruptly released, the first consequence is a reac- 
tionaiy hyperemia The second consequence is a still moie marked 
necrosis of the liver cells, from which, as the blood supply in them 
increases, the products of the necrotic change are swept out into the 
circulation, just as we have postulated in the theory we have advanced 

Since such changes take place in the liver cells, it might be assumed 
that similar changes -would take place m the bile ducts and that then 
lining cells would show, fiist of all some degree of flattening In onlv 
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Concerning the mechanism of decolonzation, I again refer to the 
studies of Gundermann and Bernhard The former showed in his 
studies on h3'drops of the gallbladder that decolonzation is brought 
about the action of leukocytes, wdnch take up the bile pigment and 
digest it by means of their ferments Bernhard m his studies on rats, 
observed the same phenomena m hepatic bile In my experimental 
rvork I w''as unable to find bile pigment m leukocytes, and I attribute 
this to the fact that the piocess was more or less completed after four 
and one-half or five and one-half months 

On the basis of these studies I feel certain that the mechanism of 
decolonzation is brought about bi the action of leukoc}tes on the bile 
pigment 

To understand properlj the pathogenesis of white bile one must first 
know the normal ph3’^siologic mechanisms at w ork in the gallbladder and 
bile ducts The studies of Kausch and his successors are significant 
in this regard According to these authors bile is a mixture of secre- 
tions from the liver and the bile ducts If the secretion from the liver 
should suddenly stop, one would expect to find the bile ducts filled wnth 
a colorless fluid wdnch w ithout any doubt, w ould be a secretion of the 
ducts Unfortunately, this cannot be pro\ed m the experimental animal, 
because the hepatic secretion cannot be completel3 and suddenl3" cut 
off Furthermore, even if this w'ere possible, there w'ould still remain 
a quantity of hepatic bile in the bihar\ $3 stem, and an^ fluid w^hich was 
recovered would repiesent a mixture of the hepatic bile wnth the fluid 
produced by the ducts 

The methods used by Rous to prore the large quantit) of fluid 
secreted by the ducts was double ligation of the ducts and aspiration 
of the secretion from the isolated portion It seems doubtful to me, 
however, whether the enormous secretion obtained b^ Rous can reallv 
be considered as physiologic It is easier to consider that the secretion 
was an abnormal one brought about b3 the double ligation w Inch acted 
at least as a mechanical, if not an infectious, stimulus for secretion 

Another fact of fundamental importance in the understanding of 
the physiologic processes involved is the concentrating eftect of the 
gallbladder This was well showm bi Rous and IMcMaster, who intro- 
duced hepatic bile into the empt3^ gallbladder of the Iniiig dog and 
recovered it from tw^elve to tw'ent3-four hours later The bile which 
the3’’ recovered was found to be much more concentrated than the origi- 
nal bile It IS evident from this that if the gallbladder is cut off from 
the hver-bile st’^stem, either anatomicalh or functionalh a less concen- 
trated bile will be obtained 

Further data on the ph3Siologic mechanisms involved can be obtained 
from the studies of Rous on white bile I cannot concur with his con- 
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four of the experimental animals was any change noted m these cells 
bat m all of them it was of this sort In dog 16 m which the biie duct 
had been obstructed for eighteen dais there was noted a slight degree 
of flattening of these cells In dog 4 m which the bile dua had been 
obstructed for thirty -six dais, more marked changes of the same sort 
were noted In dog 5 m which the bile duct had been obstructed for 
thirU'Six dais and decompressed for four dais and m dog 13 m v hidi 
the bile duct had been obstructed for tw ent}' dai s and decompressed for 
four dais it was obsen-ed that the cells were of the columnar tipe 
which seemed to suggest that the}- had been flattened but that they v ere 
spnngmg back to their normal state All the changes were noted in 
the small and medium-sized ducts The epithehum of the large ducts 
shov ed no change 

Histologic stud\ of sections of the hier showed m all instances the 
usual reaction of round cell infiltration and of pohmorphonuclear cells 
These changes however are not peculiar to either biliari' stasis or its 
release 

These negatiie histologic obsenaaons mai be interpreted to indicate 
that the hning cells of the biliarv tree play no parr in the production 
of the h\er-kidne} simdrome Indeed if our theory' be co-rect that 
this simdrome is apparent in other pathologic states as v eil as in dis- 
ease of the bihary tract it is scarcely reasonable to suppose that they 
could play any part since the ductal system of the bdiary tract is not 
concerned m these other conditions The absence of positi\e findings 
m the Iimng cells of the bihary ducts seems to us anottier link m the 
chain of evidence pointing to the liver cells as the source of the lethal 
toxin m the hver-kidney sy ndrome 

In Mew of our own negate e results in these expenments it was 
at first rather disconcerting to find exactly* reierse results reponed by- 
Stewart and Cantarow* m a somewhat similar senes of expenments 
on nineteen cats Expenmental obstruction was continued m these 
animals for from one to sixteen days and was foflovea D_. decom- 
pression for from one hour to seien days The pnnapai changes v hich 
they noted v ere 

1 A progressne prohferation of the cells of the mucosa and of the 
cells lining the biliary ducts followed obstruction ana finally amounted 
to papillary and adenomatous changes 

2 Mito SIS and budding of the cells in the smaller ducts v ere o'esent 
as early as twenty -four hours after obstruction had been done In the 
small and the medium-sized ducts the enlargement o* the epuhcLaJ 
and infiltrating cells was at times so marked as to occiuce the h men 
completely 

- Stewart H L_ zrti Ca''i.a'0' A rt Qo 

Ell a-j or tl-e Ca* \r~ T D.ce ‘ D= d n- 2 lO 1^35 
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elusions completel}, for reasons which will presentl)' be given Never- 
theless, there remains much to make his vork of physiologic importance 
In the first place, Rous assumed conditions to be simpler than those 
actually met in practice m that they are applicable only to the bile that 
IS free from infection Furthermore, the green system of Rous requires 
a gallbladder that is normal at least functionally Considering the inti- 
mate relationship of all organs, it is difficult to imagine that ligation 
of the common duct does not ha^e some effect on the normal function- 
ing of the gallbladder 

If the gallbladder is to present the production of white bile means 
of Its concentrating effect, the hepatic bile, of course, must come into 
contact with the wall of the gallbladder How'ever. it is doubtful that 
this takes place in obstruction of the common duct It is a common 
obserA’ation that during aspiration from the gallbladder or bile ducts 
there ma) be a change from a colorless to a colored fluid or Mce Aersa 
This indicates hoA\ little tendency there is for mixture of the contents 
of different parts of the bibar}' system 

In determining Avhether or not A\hite bile aviII be formed, the con- 
centrating and diluting effects of the gallbladder and ducts ma} be 
contributory but are certaml} not the determining factors 

The decolorization responsible for the production of Avhite bile is 
in all probability brought about by another factor, infection, and is 
merel}’’ increased or decreased by the action of the gallbladder and ducts 
It AAouId, of course, take a longer time for AA'hite bile to be produced 
m the green system than m the Avhite S3'stem of Rous The longest 
observation Rous made on an}' dog Avith the green s^'stem of Rous 
AA'as for fort3'-four da3'S In 1113^ OAvn experiments the shortest time 
for Aidiite bile to appear Avas m four and one-half months 

Thus, by a combination of the physiologic obserA^ations of Rous, 
Kausch and Bernhard and others and my oAvn experimental results, I 
have arrived at the folloAAung conception of the manner in Avhich Avhite 
bile IS produced 

In the closed system produced by obstruction a long-lasting infection 
of sufficient virulence produces a decolorization of the stagnant fluid 
m the gallbladder and bile ducts It is the original green bile that is 
acted on and is directly responsible for the production of the colorless 
fluid It IS entirely possible that a small amount of secretion from the 
bile ducts may be mixed w ith this fluid, but in this closed system there 
certainly is not enough space for any great amount of such secretion 
to accumulate 

The gallbladder may play a great role m determining the time neces- 
sary for the decolorization to take place A gallbladder that is func- 
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3 Necrosis of the adenomatous processes in the mucosa of the large 
ducts occurred as early as an hour and a half after decompression, the 
regressive changes becoming moie maiked as time went on 

4 Atiophy and final disappearance of the newly proliferated ducts 
occurred as the result of regeneiation of the hepatic cells 

The necrotic changes m the livei cells reported by Stewai t and Can- 
taiow were duplicated m oui own experiments, but their other findings 
weie not, and the discrepancy was at first disconcerting Second thought, 
however, gave us the explanation In our experiments the obstruction 
was released by the creation of an external biliary fistula, which is 
analogous, it should be noted, to the procedure that would be carried 
out clinically In then experiments, on the other hand, the obstruction 
was released merely by the lelease of the ligature on the common bile 
duct, which had not been divided, as it had been in our experiments 
The type of procedure that they employed does not reproduce the 
clinical and pathologic conditions usually found, and the changes which 
followed it, therefoie, would scarcely be observed after a different type 
of operation 

We made no observations of the kidneys in this senes of experi- 
ments Previous clinical and experimental studies have convinced us 
that the renal changes are the second stage of the syndrome Since 
even the first stage was not pioduced in these experiments, there seemed 
to us to be small point in wasting time seeking for the second 
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tionall} intact and in complete connection with the duct system exerts 
a concentrating effect and thus lengthens the time necessary for the 
decolorizing process On the other hand, if the gallbladder is separated 
from the duct system either anatomicall) or functionally, the decoloriza- 
tion will take place much sooner It might be \%orth \\hile to mention 
again at this point the fact that the foregoing considerations apply only 
to the colorless fluid found m the closed system 

Relief of Obsti iictwn — Relief of the obstruction immediately brings 
into pla} an entirely new set of circumstances The next problem here 
IS to imestigate the colorless fluid often obtained from the common 
duct several days after relief of obstruction As in the case of the 
closed system, one must determine the nature of the fluid obtained as 
well as its origin and the manner of its production 

In this connection it will be of special importance to understand 
the role played by the liver in producing white bile The experimental 
work alone does not yield sufficient information on this point, since 
only the anatomic picture of the liver is available No accurate cor- 
relation can be made between the anatomic appearance of the liver and 
Its functional capacity It is a well known obsen^ation that a liver with 
its parench)'ma in poor anatomic condition may produce normal- 
appearing bile 

Another method of approach is the study of actual cases that have 
shown white bile in man, in which operation has brought about relief 
of obstruction and in which the resulting secretion is observed by means 
of a fistula for a definite period Walters and Greene, as well as 
Andrews, have described a few such cases of relief of obstruction of 
the common duct These authors agreed in reporting that after opera- 
tion for obstruction the bile gradually changes from white to colored 
but that the immediate effect of the relief is the production of a greater 
quantity of white bile than was produced during the course of the 
obstruction This cannot properly be called a colorless hepatic secretion, 
since the pigment content of the Iner and the general jaundice present 
at this time bear witness to the fact that the hepatic cells are still pro- 
ducing bilirubin Furthermore, one would hardly expect the character 
of the hepatic secretion to change from white to green mthin a short 
time This change has often been observed to take place nithin a few 
hours, while in the case reported by Judd, mentioned prcMousl), the 
bile changed from white to green immediatelj following the relief It 
is probable that during the obstruction the bilirubin either is retained 
in the hepatic cells or is released into the blood stream After relief 
of the obstruction this bilirubin might gradual!} make its wav through 
the damaged biharv capillaries and produce a change to green bile 
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COMMENT 

Thus It seems that tlie secretion of the liver plays no part m the pro- 
duction of the colorless fluid drained from the common duct after relief 
of obstruction There must be another origin for this fluid 

The only other possibility is that this fluid is a secretion of the 
mucous membrane of the ducts and is therefore very different from 
the colorless bile of the closed S3'stem Unfortunately, this cannot be 
proved chemicallv, since both mucus and leukocytes are found in each 
case Mucous secretion from the glands of the bile ducts undoubtedly 
plays some role m the closed sj'stem, too, as mentioned previously 
Relief of the obstruction simply allows this secretory process of the 
ducts to take place unopposedly On the other hand, the operation for 
relief of obstruction ma}' either act as an inflammatory stimulus to the 
mucous membrane of the ducts or cause the recurrence of an old inflam- 
mation Either factor would produce an increased quantity of colorless 
secretion for a few days This fluid gradually becomes colored as a 
result of the activity of the liver which mixes its pigment with the 
colorless fluid 

SUMMARY 

Eleven dogs were used for the experimental work, which consisted 
of ligation of the common duct followed four weeks later by injection 
of bacteria into the biliary S3'stem This procedure resulted in the 
appearance of white bile in four dogs 

In comparing the cases in which white bile appeared with those m 
which the bile remained unchanged, it is seen that the fundamental factor 
in the pathogenesis of white bile is the presence of infection Infection 
accompanying obstruction of the common duct must be present for a 
long time and must be of sufficient virulence The beginning of decol- 
orization was demonstrated after thirty-two days, while completely white 
bile appeared after four and one-half months The most effective organ- 
ism for bringing about this infection seems to be B cob 

In discussing the pathogenesis of white bile a sharp distinction is 
made between white bile found in the closed biliary system and the 
colorless fluid obtained from the open system after relief of obstruction 
In the closed system infection brings about a transition of the origi- 
nally green bile to white bile This decolorization is brought about by 
the leukocytes, which appear as a result of the bacterial stimulus They 
absorb the bile pigment and carry it off A small amount of secretion 
from the mucous membrane of the ducts is subsequently mixed with 
this colorless fluid Quantatively, however, this plays a minor role 
As a result of the relief of obstruction the white bile is swept out 
of the bile ducts For a few days an increased quantity of colorless 
fluid is obtained, which is shown to be the secretion of the mucous mem- 
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brane of the ducts Since this secretion has nothing to do \vith hepatic 
bile, to apph to it the name of white bile would be misleading Here 
again infection seems to play some part in the production of the colorless 
fluid It IS highly probable that the operation for relief of obstruction 
causes an increased secretion by acting as an inflammatory stimulus to 
the mucous membrane of the ducts Gradually the liver assumes its 
normal function if it has not been too severely damaged anatomically 
In addition there are reported four clinical cases m which white 
bile was found, these constituting 15 per cent of the total number 
(tventy-six) of cases in which operation for obstruction of the common 
duct \\as performed at the University of Chicago Clinics during the 
last five }ears This relatively high percentage can be explained by the 
fact that these statistics include cases in which the presence of white bile 
was discovered onl}' on chemical examination In these four cases 
the clinical history, the findings at operations and m one case the post- 
mortem examination revealed signs of long-lasting infection accom- 
pan 3 'ing obstruction of the common duct Two cases of long-lasting 
obstruction of the common duct are reported in which neither clinically 
nor at operation were there any signs of infection In both cases deep 
green bile was obtained 

The histones of the clinical cases reported agree with the histones 
cited in the American literature in indicating the prognosis in cases of 
white bile to be serious but not hopeless 
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IHE SO-CALLED “LIVER DEAIH” 


AN EXPERIMENTAL SI UD\ OF CHANGES IN THE BILIARY DUCTS 
rOLLOVVINC DECOMPRESSION OF THE OBSTRUCTED 
BILIARY TREE 

FREDERICK FITZHERBERT BOYCE, MD 

AND 

ELIZABETH M McFETRIDGE, MA 

MW ORLEANS 

t 

In previous communications on this subject ^ we have discussed 
two separate phases of the so-called “liver death” or “liver-kidney 
syndrome ” 

We have analyzed thirty-foui cases of this syndrome described in 
the records of the New Orleans Charity Hospital in the seven year 
period terminating on Dec 31, 1934 In twenty-three cases the syn- 
drome followed opeiation on the biliary tract, in four it followed sur- 
gical treatment for acute pancreatitis, and in seven it was associated 
with trauma to the liver 

We have reported a series of experiments, ten in all, m which we 
endeavored to reproduce in laboratory animals the clinical and patho- 
logic processes which we had observed in human patients Two experi- 
ments were successful 

In the first experiment, the biliary tree was obstructed for from twelve to 
twenty days (by ligation and division of the common bile duct and chole- 
cystectomy), at the end of which time the obstruction was released and an 
external biliary fistula was created In every instance after the decompression 
there was a prompt decrease in the jaundice, followed almost immediately by 
increasing listlessness, anorexia without gastro-intestinal symptoms, and oliguria 
which rapidly progressed to anuria Death occurred m from seventy-two to 
nmety-six hours in all the animals which were not killed when their state was 
clearly terminal Urinalysis showed albumin, casts and red blood cells, and in 
five instances the previously normal nonprotem nitrogen content of the blood 
rose to 72, 81, 93, 105 and 171 mg, respectively In all the dogs autopsy showed 
degenerative changes in the liver cells and m the convoluted tubules of the kidneys 
typical of the lesions exhibited m cases of liver-kidney death in human patients 

From the Department of Surgery of the School of Medicine of Louisiana 
State University 

1 Boyce, F F, and McFetndge, E M So-Called “Liver Death” A 
Clinical and Experimental Study, Arch Surg 31 105 (July) 1935 “Liver Deaths” 
111 Surgery Analysis of Thirty-Four Cases, New Orleans M & S J 88 563 
(March) 1936 Boyce, F F An Experimental Study of the So-Called Liver 
Death Syndrome in Biliary Surgery, Proc Soc Exper Biol & Med 32 479, 1934 
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In the second experiment, precisely similar clinical symptoms and postmortem 
hepatorenal changes followed the injection into the animals of saline and aqueous 
extracts made from the liver of a patient who died with the tjpical sjndrome 
of hj perpyrexia characteristic of liver death after cholecvstectomy , the alcoholic 
extract did not reproduce the picture Autopsj on this patient had ruled out 
hemorrhage, leakage of bile, peritonitis, embolism and pneumonia and had revealed 
marked necrosis of the liver cells The urine of these animals revealed albumin, 
casts and red blood cells, but determinations of the chemical composition of the 
blood, unfortunateh , were not made, since the experiment was one of the first 
done and its full significance was not realized 

On the basis of this clinical and experimental evidence, we have 
evolved the following theory to explain the occurrence of this highh 
fatal complication 

1 The same symptom complex is appaient and the same underl3ing 
factors are operative in the various conditions studied (postoperative 
biliary disease, postoperative pancreatic disease and hepatic tiauma), 
and we believe, on the basis of a casual survey of unselected autops) 
reports in cases of disease of the thyroid gland, burns and intestinal 
obstruction, that this same syndrome may develop in these and perhaps 
in other pathologic states in which it has not yet been identified 

2 The underlying factor is some degree of hepatic damage which 
either is preexistent or is the result of direct trauma In the formei 
circumstances the damage is not incompatible with the strain of noimal 
life, but It is incompatible with the added strain incident to surgical 
intervention The chain of events following hepatic trauma is the same, 
except that the damage is abruptly produced and is not of gradual 
development as it is m diseased states 

3 When such a strain is supei imposed on the existing hepatic dis- 
ability, the damaged liver cells, failing in their function, release into 
the circulation some potent toxic substance, ■which, on the basis of our 
experimental evidence, seems to be water soluble 

4 This substance, circulating m the blood, is excreted by the kidnej s 
through the convoluted tubules, and they, unfitted by nature for such a 
load, promptly break under it 

5 The two types of livei death originally described by Charles 
Gordon Heyd ^ we consider to be a single pathologic process Our 
evidence indicates that cases in which sudden death occurs ivith hyper- 
pyrexia and in which only hepatic changes are apparent at autopsi 
represent the first stage of the process which terminates in deferred 
death from uremia, m which renal as well as hepatic changes are 
apparent at autops) 

2 Hejd, C F Lner and Its Relation to Chrome ■khdoniinal Iniection, 
Ann Surg 79 55 (Jan ) 1924 
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The clinical and experimental evidence which we ourselves have 
adduced corroborates the suggestion made by other writers on the sub- 
ject, notabl}'^ Helwig, Schut7 and Kuhn ^ that the toxin postulated in 
our theory is produced in the liver cells, in which, it is generally agreed, 
the first damage occurs 

Both positive and negative proof is necessary to establish this theory 
On the positive side, the toxic substance must be isolated from the 
damaged liver cells, and this we arc attempting to do at the time of 
writing On the negative side, it must be proved that it docs not origi- 
nate elsewhere in the bihar}^ system, and with that proof this communi- 
cation is concerned 

If the toxin in question should be produced anywhere in the biliary 
system except in the damaged liver cells, the most reasonable place 
would be the tissues lining the biliary ducts These ducts, especiall}^ if 

Table 1 — Results of Siutfle Obstruction of the Biliaty Tree iu Sir Dogs 11' Inch 

IVeie Used as Coiitiols 


nog 

Procedure 


Purntlon of 
Obstruction, 
Pnjs 

Observations 

9 

Ligntion and division 

of tlic common 

duct 

4 

Xot significant 

14 

Ligation and dhlslon 
cholccystcctoinr 

of the common 

duct 

C 

Not significant 

10 

Ligntion and division 
cholccystcctoms 

of tlie common 

duct 

IS 

Very slight flattening of the 
cpltliclial ceils lining tlic 
small and medium sized ducts 

17 

Ligation and division 
cholecystectonij 

of tlic common 

duct 

20 

Lot significant 

18 

Ligation and division 
choiccystcctoniy 

of the common 

duct, 

20 

Lot significant 

4 

Ligation and division 

of the common 

duct 

SC 

Slight flattening of the cpi 
thcllal cells, ns in dog 1C 


the gallbladder has been removed, are the only structures other than the 
liver cells which feel the effect of biliary stasis In order to make certain 
that they are not implicated in the production of the toxic substance, 
we undertook a series of experiments in which we studied the effect on 
them of decompression after obstruction and in which we studied, as a 
control, the effect on them of simple obstruction 

Our report, after the elimination of the dogs which died of infection and of 
other causes after experimental obstruction of the biliary tree, concerns twelve 
dogs In six animals, which were used as controls, obstruction was done and uas 
not released, in the other six decompression of the obstruction was done from 
four to thirty-six days after the obstruction had been produced 

3 Helwig, F , and Schutz, C B A Liver Kidney Syndrome, Surg , Gynec 
& Obst 55 570 (Nov ) 1932 Schutz, C B , Helwig, F C , and Kuhn, H P 
A Contribution to the Studj of So-Called Liver Death, J A M A 99 633 (Aug 
20) 1932 
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nected with the anesthesia But m spite of the confusing factors, 
study of this type of headache has yielded certain results In the first 
place, no matter what area is anesthetized or for how long, it is always 
the head that aches The localization of the discomfort is vague and 
inconstant, even m the same patient, but there is never any doubt as to 
its being in the head I see no way to interpret this except as a dis- 
turbance of the hydrostatics of the cerebrospinal system 

The second point of interest which emerges is the precise uniformity 
of the time of appearance I have observed cases m which anesthesia 



Fig 2 — A typical headache appearing iminediately after disappearance of the 
anesthesia in an Arab Bedouin aged 35 He was up and about after the operation 
He would probably have felt no headache if he had remained recumbent His 
general condition was good 



3 — A. typical case, with headache appearing immediately after the dis- 
appearance of the anesthesia The patient was in good general condition 


With nupercaine lasted six and even eight hours, but I have never 
observed a case m which headache appeared during the course of the 
anesthesia It always starts a short time after the disappearance of 
the anesthesia This is a uniform finding whether the anesthesia lasts 
for thirty minutes or eight hours and whether it involves the fourth 
and fifth sacral segments only, as is usual in cases in which hemor- 
rhoidectomy is performed, or extends to the third dorsal segment, as is 
required for a splenectomy Figures 2, 3 and 4 illustrate this uniformity 
of appearance under var^nng circumstances 
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I observe an occasional case in which no headache is felt but in which 
at the time when headache would occur other sequelae are experienced 
Figures 5 and 6 are charts for such cases 

The uniform appearance of the headache immediately after the dis- 
appearance of the anesthesia strongly suggests that there is a vasomotor 
reaction Spinal anesthesia abolishes the tone of the blood vessels in 
the extremities, a fact used m the study of Buerger’s disease and allied 


9 00 IQ 


Mp .TO ICyO IQ aO 30 up 90 11 



Fig 4 — A typical case of headache appearing immediately after the disappear- 
ance of the anesthesia in an Arab woman aged 30 with Buerger’s disease She 
was in very bad general condition and died a few days later, after amputation of 
the leg 



Fig 5 — A case of prolonged nupercaine anesthesia in a Persian stoic aged 70 
Even after such a long anesthesia the postanesthetic disturbance appeared immedi- 
ately after the disappearance of the anesthesia No headache was e-^perienced in 
this instance, but fever was ushered in by a mild chill and lasted two hours 

troubles It would seem certain that a similar result must be produced 
on the vessels of the meninges and the cord and that throughout the 
time of spinal anesthesia the vessels are toneless and dilated over the area 
bathed by the anesthetic solution On the disappearance of the anes- 
thesia vasomotor control of these vessels is reestablished, and at this 
point the headache appears 
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diminished secretion of cerebrospinal fluid or to its accelerated absorp- 
tion from the subarachnoid space The fluid is secreted by the choroid 
plexuses, and they are far removed from the influence of the injected 
anesthetic That would seem to leave as the one remaining obvious 
possibility an accelerated absorption of the cerebrospinal fluid and, 
resulting from that, a peisisting condition of abnormally low intra- 
arachnoid pressure 

It seemed possible to test some points m this analysis, and for this 
purpose we had made up ampules of the nomrntatmg solution pre- 
viously described, to which had been added minute doses of ephedrme 
(¥25 gram [0 0026 Gm ] ) and epinephrine minim [00124 cc]) 
respectively The results were interesting and seemed to confirm the 
impression that in headache resulting from spinal anesthesia more than 
one factor is involved With these solutions headache did not appear 



Very Severe Little or none Moderate 
SEVERE 


Fig 7 — The delay m onset of headache when a trace of epinephrine was added 
to the injected anesthetic occurred in a large powerful Portuguese aged 40 This 
IS a uniform result after the addition of either ephedrme or epinephrine The 
onset occurred fourteen hours after the disappearance of the anesthesia The head- 
ache was mild for one day, and was felt only when the patient shook his head 
The headache was very severe for the following three days and fairly severe for 
the next three The patient kept steadily at work in his office A \acation of a 
week brought much relief, but the headache recurred when he resumed work and 
persisted for another week, after which it graduallv disappeared Cases of ambu- 
lant patients such as this are the severest test of spinal anesthesia This man 
would have been far better off to ha\e undergone short general anesthesia for 
such a minor operation as circumcision 


immediately after the disappearance of the anesthesia but followed a 
period in which the patient was free from all complaint This free period 
usually lasted about twelve hours, though it was sometimes much longer 
Unfortunately when the headache appeared it seemed to be undiminished 
in severity, 1 e , negligible if the patient remained recumbent but some- 
times severe if he Avalked about Figure 7 is a good illustration 
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and the clinical picture was ambiguous I turned then to the use of 
solutions of dextrose They are widely used in various conditions of low 
blood pressure, and their effect is fairly lasting As the present routine 
procedure 4 ounces (1244 Gm ) of 5 per cent dextrose in physiologic 
solution of sodium chloride is injected immediately following the 
operation This introduces the de>itrose solution at difterent times m 
the course of the anesthesia, but I have not been able to see that the 
result is thereby affected Figures 8, 9 and 10 are charts for such cases 

This proceduie was a surprising success and has very nearly stopped 
the study of headache One patient admitted on questioning that he 
had a little headache With that exception the material for study dis- 
appeared My own interpretation of thi4 result is that the anesthetic 
solution, even as nonirntating as I have been able to make it, still 
injures the delicate pia-arachnoid sufficiently to cause excessive absorp- 
tion of cerebrospinal fluid and that this causes the headache which has 
been so troublesome The slight hydremia which the dextrose solution 
induces is sufficient to check this excessive absorption until recovery or, 
probably, until compensation can take place, therebj reducing the dis- 
turbance in cerebiospmal h^drostatlcs to so low a level that headache 
does not appear 

SUMMARY 

By using anesthetic solutions caiefully made up to be as nearly 
nonirritating as possible, postanesthetic headache is i educed almost to 
the point of disappearance in patients m the recumbent position 

By means of the intravenous injection of 4 ounces of a 5 per cent 
solution of dextrose in physiologic solution of sodium chloride imme- 
diately after the opeiation headache is largely pi evented even in ambu- 
lant patients 
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loss of contiol of tliL bladder and the bowels Afarkcd sensorj' disturbances were 
also noted In addition, the patient stated that tlie mass in the region of the 
right flank had sliown rapid growth during the past vear 

Eiainnwftoii — The patient, an emaciated man of 21 wears, w'as of fairlv normal 
height The skin m general was dark, but on it, especially on the dorsal aspect 
of the trunk, were scattered manv dark brown pigmented spots varjing m size 
up to sereral inches m diameter These w'ere not elc.\ated 

\ striking feature was an enormous tumor on the right flank (fig 2), about 
the size of a mans head, roughly spherical and cohered Wath intact though 



Figure 1 Figure 2 

Fig I — The patient as he appeared in March 1924 The ki phoscohosis and 
cutaneous pigmentation are evident The elephantiasic skin flap can be seen in 
the right gluteal region The tumor on the right flank can be made out 

Fig 2 — The patient in 1934 The tumor shows considerable grow'tn, as does 
the elephantiasic skin flap below it 

atrophic and pigmented skin The subcutaneous leins were distinctly enlarged 
The low'er half of the tumor w’as hard but show'ed smaller areas of \arying con- 
sistent The upper half was more elastic and in some areas gave the impression 
of fluctuation Below’ the tumor an extremeh large hyperplastic skin flap pre- 
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This reestablishment ot vasomotor control must inevitably involve 
some disturbance in cerebrospinal hydrostatics, for with it must come 
a shrinkage in the volume of the vessels and thereby a slight increase 
m the space to be occupied by the cerebrospinal fluid With this must 
occur a slight drop m the intra-arachnoid pressure The obvious 
objection to this analysis is that the changes in volume accompanying 
this reestablishment of vasomotor tone must be exceedingly small, and 
a prion one would suppose that such minute changes could be easily 
compensated for by the elasticity of the dural sac Moreover, even in 
the cat the cerebrospinal fluid is secreted at a rate of about 12 cc a day ® 
In man the figure must be much higher Any deficit in cerebrospinal 



Fig 6 — The patient, a Beloochi aged 50 of somewhat unstable mentality, was 
in a very toxic condition His position on the table was disarranged and resulted 
in anesthesia of the upper segment Artificial respiration was administered once 
and epinephrine once Dextrose solution was given twice, making a total of 
8 ounces No headache appeared, but a period of irrational excitement followed 
immediately after the disappearance of the anesthesia The patient spent this 
period walking about in the compound of the hospital 

fluid could be made up m a few hours at the longest, whereas the head- 
ache sometimes lasts for days 

This would seem to necessitate the conclusion that even though the 
inception of a postanesthetic headache may be due to a slight drop m 
intra-arachnoid pressure accompanying the reestablishment of tone in the 
prenously anesthetized vessels, its continuance must be due either to a 


6, Weed, Lewis Personal communication to the author 
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scoliotic element The vertebral bodies were porotic and collapsed and owing 
to the destruction of the inter\ertcbra! disks could not be differentiated from each 
other at the ape\ of the curve In addition, deformity of the ribs was apparent 
Xeurologic examination revealed a nirrow, circumferential area of h 3 per- 
estl esia around the trunk, below w’hich Inpcsthesia and anesthesia invoking all 
of both low'er extremities was present There was absence of tactile sensation 
and of the abilitj to distinguish between heat and cold Motor parahsis of 
the bow'els and bladder and of both low'er extremities w'as complete There was 
ataxia distally but not proximalh There was absence of the tendon reflexes 



Fig 4 — A medium pow'er photomicrograph of the large tumor, showing spindle 
cell sarcoma wnth bundle formation 

The findings were typical for transrerse myelitis beginning at the leiel of the 
first lumbar eertebra, the apex of the kj^phoscoliotic cune 

Opel at wit — Because of the patient’s poor general condition a laminectonw 
seemed madrisable Howeier an operation was performed to obtain a specimen 
for biops} to determine whether the tumor w'as malignant It was found that 
the large mass and the adjoining smaller ones could be easih enucleated though 
there was invasion of the fascia lata of the gluteal and tensor muscles Huge 
ramifving nerv'e trunks were found to enter and adhere to the tumor In spite 
of the slight degree of trauma at operation, shock ensued, and the patient died in 
a few hours 
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I experimented with the intravenous injection of distilled water in 
the hope that an abnormal amount of water in the blood might stop 
excessive absorption of cerebrospinal fluid into the blood stream The 
distilled water probably does have that effect, at least for a time, but it 



Fig 8— The patient, an Arab aged 30, gave a typical reaction following an 
intravenous infusion of dextrose as a prophylactic against headache No headache 
occurred at any time 



Fig 9 — A typical reaction following prophylactic infusion of dextrose solution 
The patient was an Arab boy of 10 years in poor general condition He was put 
under no restraint, and sat up a large part of the time No headache occurred 
at any time He was able to sit up immediately after the operation 



Fig 10 The maximum degree of headache following a prophylactic injection 
01 a solution of dextrose The patient received S cc of a 5 per cent solution of 
procaine hj drochlonde, which is the maximum dose in the Muscat clinic He was 
up and about immediately following the operation He made no complaint but on 
questioning admitted that he had some headache He required no medication 

produces headache and fever on its own account and is used for that 
purpose in protein shock therapy The results were unsatisfactory. 
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enclosed in a penncunum, ^\h^ch uas also thickened Normal ntr\e fibers were 
not evident The \essels, though large, were of normal structure 

Beneath the capsule the In mg tissue was arranged m fibrous bundles (fig 4) 
The structures were edematous and Inperemic Lnder high power magnification 
the picture of a benign lesion was quickK dispelled Among the more numerous 
fibrocjtes were a number of smaller cells which W'erc richer in chromatin and con- 
tained nuclei show'ing all the stages of mitotic dnision The absence of a 
necrobiotic zone between the In mg and the dead tissue (fig 5) and the presence 
of large areas which had become necrotic but still showed structural detail e\i 
denced the rapiditv of the giowth of the tumor, wuth which the blood supplj wa^ 
unable to keep pace Still further regression was seen in other areas, with 



Fig 6 — A section through the large tumor, showing colliquation resulting in 
the formation of a cj st w ith a good fibrous capsule 


complete destruction of the tumor tissue and the formation of cists (fig 6) In 
other places extensile hemorrhage bi diapedesis and rhexis was eiident 

The SIX smaller tumors remoied were roughly of the size and shape of a 
hen’s egg and showed thickened fibrous bands entering and leaimg the poles 
These tumors were hard and fibrillated, ivith areas of central necrosis which ivith 
a lelloiv sulfur-like stain suggested grosslj mollusca fibrosa in different stages 
of catabolism The fibrous bands consisted of neries with marked proliferation 
of the interstitial and perineural connectiie tissue In one of these tumors an 
angioma was present All showed signs of earlj malignant degeneration (fig 7) 
The lellow' stain was imparted b^ the presence of huge cells which had foami 
protoplasm and contained hpoid substance (fig S) 



NEUROFIBROMATOSIS 

WITH RErnRENCE TO SKELETAL CHANGES, COMPRESSION MTE- 
LITIS AND JIALIGNANT DEGENERATION 

ALEXANDER MILLER, MD 

ClNCINIsATr 

In Its simplei form the typical pigmented spots on the skin and the 
multiple small subcutaneous nodules rendei neui ofibi omatosis easily 
recognizable These chaiacteristic changes, howevei, aie not always 
present and at times are so overshadowed by othei extensive and bizarie 
pathologic changes involving both the soft and the bony tissues that 
confusion m diagnosis may readil)'^ lesult Numeious cases aheady 
repoited illustrating mteiesting changes of the skin, subcutaneous tissues, 
nervous system and skeleton, extend considerably the knowledge of the 
disease described b}'^ von Recklinghausen m 1882 To these a case of 
extensive involvement of the veitebial column leading to compiession 
myelitis, nith sarcomatous degeneration of moie than one neui ofibi oma 
seems woi th adding 

REPORT or A CASE 

Hist 01 y — H M, a white boi aged 11 years, first came under observation in 
this department on lilarch 12, 1924 The complaint was curvatuie of the spine, 
first noticed at 1 lear of age, with a gradual increase m the deformitj In addi- 
tion, a mass m the left inguinal region of seieral years’ duration was noted A 
lustorj of the patient’s birth, de\elopment and family revealed nothing unusual 

Physical examination re\ealed se\ere kyphosis (fig 1) of the low’er portion 
of the dorsal segment and the upper portion of the lumbar segment of the spine, 
with model ate scoliosis to the right and marked tilting of the pelvis Over the 
posterior aspect of the right os ilium a tjpical elephantiasic skin flap about the 
size of a siher dollar w'as present In the left inguinal region a similar formation 
was seen The skin showed niati\ pigmented spots characteristic of the disease 
These had been present since birth 

Treatment for the ka phoscoliosis w'as instituted and the patient w'as follow'ed 
up for a period of five a ears, uunng aadiich time little change in his condition 
a\as noted He aaas not seen for seaeral years, until he returned in Jula 1933 
for a neav brace At this time he did not complain of unusual disabihta or dis- 
comfort and stated that he had been doing farm aaork An increase m the spinal 
dcforniita, howeaer, aaas noticeable 

The patient aaas not seen again until ^pril 1934, aahen he aaas admitted to the 
hospital because of mabihta to aaalk Six aaeeks previousla some pain had been 
noticed in the region of the back A aaeek later the left leg felt numb and weak, 
and the next daa the right leg became similarla inaolaed Three aaas later 
paralasis of both legs became complete, and this aaas followed the next daj ba 

Froni the Department of Orthopedic Surgera, State Uniaersita of Iowa 
■=craicc of Dr \ Stemdler 



116 


ARCHIVES OF SVRGLRl 


The sections thiough the eleph-intiasic skin flap (fig 9) showed marked fibro- 
sis of the subcutaneous lajer, with some attempt at the formation of bundles 
The fibrous tissue w'as dense and almost hyaline Where looser and more cellular 
tissue was piesent, peripheral nerves could be seen These had undergone patho- 
logic change and showed fibrous proliferation similar to that previously described 
The sw'eat glands, m addition to being more numerous, were hyperplastic, owing 



Fig 9 — A section of the elephantiasic skin flap, showing fibrous proliferation 
of the subcutaneous lacers, with thickening of peripheral nerve ends 


to an increase m connective tissue stroma similar m structure to that of the 
perineurium 

On histologic examination papillae in the skin w'ere not seen The epithelial 
layer showed little change except for a great amount of brownish granular pig- 
ment occupying the basal cell layer The skin oier the tumor was essentially' 
normal except for areas which showed hyperpigmentation, chiefly m the striatum 
Jilalpighii but occasionally' m the corium 
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senting the characteristic appearance of elepliantiasis co\ered the entire right 
gluteal region Through this, se\eral small tumors of the size and shape of a 
hen’s egg were palpated Their longitudinal axes ran parallel to the leg, and 
thick fibrous strands could be felt emerging from the poles 

A huge gibbous formation beginning at the ele\enth dorsal vertebra and with 
its apex o\er the first lumbar vertebra was another prominent feature There 
was some dcMation of the spine to the right The lumbar portion of the spine 
could not be made out distinctly, ow'ing to the degree of kyphosis, but marked 
lordosis W'lth rotation of the spinous processes to the right seemed to be oresent 
The lower ribs were in contact w'lth the iliac crest on the left side Over the 
lower portion of the spine a circumscribed area of hjpertnchosis was present in the 
midhne 



Fig 3 -Anteroposterior and lateral views of the ^ertebral column, showin- 
of the'rtr'"’ compression of the rertebral bodies and detormit; 


niuJosMot firm and gaee the 

outer side of ‘ilJ small spindle-shaped tumor was Msible on the 

iloiw tl Seienl small moiable fibromas were palpated 

” i :,;rs ‘™”'- ■<!» " = 
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cieates a disposition for the later appeal ance of osteitis fibiosa a sup- 
position which seems gioundless With peiiosteal h3'peiemia thickening 
of the bone may follow (Webei *) 

In addition to the circumfeiential changes, ahnoimahties in the 
longitudinal giowth of bone ha\e occasionally been lepoited When 
in nation is piesent, usually in aieas wheie elephantiasis oi ple\ifoim 
neuromas aie situated, an inciease in the length of the bone may occui 
This hypeiplasia ma} leach the extent of gigantism, usuall} of a single 
extiemity Should decreased Aasculaiization of the epiphyseal plate 
lesult, a shoitened hypoplastic extiemity may be exjDected Such a 
hypoplastic extiemity was piesent in one of Biooks and Lehman’s cases 
as the lesult of destiuction of the epiphyseal plate b}' a subpeiiosteal 
cyst 

These same piocesses of atiophy and h)'peitiophy and of h3peiplasia 
and hypoplasia may inyolve the bones of the trunk with lesultant 
deformities and displacements, distuibances of giow’th and stiuctuial 
changes of the iihs and the pehis Heie, also, may be found poiosis 
formation of C3'sts and areas showung bony defects 

Most fiequent of all the changes in bone m cases of neuiofibiomatosis 
aie those inyolying the spinal column In about 43 pei cent of the 
cases in wdneh skeletal changes occur, the \eitebral column is aftected 
The deformity is fanly chaiacteiistic and consists of k3q)hoscohosis which 
diffeis in seA'eial important details fiom the usual types of scoliosis oi 
kyphosis The site of predilection is the lower poition of the doisal 
segment of the spine The defoiniit3 ma3' first be noticed in early 
childhood The kyphotic element stiongl3^ piedommates wdnle the 
scoliosis IS slight and piesents a model ate degiee of lotation A t3pical 
feature is the piesence of a sharp kink at the apex of the gibbus Here 
a deep abiupt step ma3" be seen and is palpable, so that the uppei 
portion of the k3'^photic part of the spine seems to oyeihang the lowei 
part (fig 1 ) The apex of the cui\e lies usuall3^ in the midline, and 
just below^ this point the lotation of the spinous bodies is most noticeable 

The cause of this collapse of the A'ertebial column wuth at times a 
resultant dw^arfism, has been yaiiously explained Gould ° expiessed 
the opinion that softening of the bone occui s which micioscopicall3 and 
macroscopicall3^ is indistinguishable fiom osteomalacia In cases of 
neurofibiomatosis, howeyer, the loss of calcium salts is not so gieat as 
in those of the malacic disease Othei obseiyeis also haye lemaiked 
on the smiilaiit3^ of the pathologic picture in the twm conditions Though 

4 Weber, F Parkes Periosteal Neurofibromatosis w'lth a Short Considera- 
tion of the Whole Subject of Neurofibromatosis, Quart J Aled 23 151 (Jan ) 
1930 

5 Gould, E P Bone Changes Occurring m von Recklinghausen’s Disease, 
Quart J Med 11 221 (April) 1918 
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The obseivations of Taiosch)^'’ Giobtlski" and Valentin and 
Putschai on the occuirence of paiaplegia in cases of seveie curvature 
of the spine aie applicable to the case lepoited here That the in3^elitis in 
the lepoited cases ^\as due to coinpiession of the cord was pioved 
by laminectomy bv the fii st two inc estigatoi s and at autopsy by \"alentin 
and Putschai The syndiome picsents a typical pictuie E\cept for the 
defoimity of the spinal column, no cause is apparent The paralysis 
develops \Mthout pain oi fcvei and pi ogi esses lapidl}^ to piaciicall}' 
complete myelitis, miolvmg also the bladder and the bowels The para- 
plegia IS as a rule spastic The site of the lesion of the coid corresponds 
to the apex of the scoliotic cur\e and on loentgcn examination of the 
spinal cold a block can be demonstiated Tbe doisal poition of tbe spine 
is almost anvays involved The paralysis usual I}" sets m in the 
lattei half of the second decade of life, i e it coriesponds to one of the 
peiiods of lapid growth In 60 pei cent of the twentv cases leMewed 
b}'’ Giobelski® the scoliosis was congenital Oiiginall} compiession 
myelitis was thought to occui in patients with this t\pe of scoliosis 
onl}', but latei obseivations showed the occuriencc of this lesion in 
patients with lachitic defoi unties of the spine As to the mechanical 
oiigm of the lesion of the coid, compiession by the kinked Aeitebial 
column, b} bony oi caitilaginous piojections into the spinal canal and 
by torsion of the coid and dura were desciibed by the authois just 
mentioned Laminectomy is the treatment of choice and ofteis a good 
piognosis foi recoven fiom the paialysis The dm a should be opened 
because of the torsion fiequently piesent 

Except that the paralvsis was of the flaccid type, the condition in 
the case lepoited heie show^ed a distinct similant)' to the features of 
compiession myelitis associated A\ith spinal cuivatuie The patterns 
of clinical history and age weie identical and indicated a similar 
mechanical causation 

Pathologically the piincipal lesion m neui ofibiomatosis is piolifeia- 
tion of the endoneuiium wuth hypei plastic changes m the peiineuriuin 
The piocess fiequently pioceeds to the point where all evidence of neive 
fibers IS lost There may be localized thickening of the nenes palpable 
as small subcutaneous nodules or lather diffuse mvoh'^ement lesulting 
m the fusifoim-shaped strands The lesions may A^aiy fiom the small, 
discrete seed-hke tumor to the laige, coaise communicating plexiform 
neuroma The peiipheral neives aie b}' fai the most fiequently and 

8 Jarosch}^ Wilhelm Ueber Spatschadigiingen des Ruckenmarks (Koni- 
pressionsniA elitis) be< schweren Skohosen, Beitr z klm Cbir 142 597, 1928 

9 Grobelski, M Kompressionslahmung des Ruckenmarks bei Skoboser, 
Ztschr f orthop Chir 57 220, 1932 

10 Valentin, B, and Putschar, W Clinical Pathology of K\phoscoliosis 
\\ ith Damage to the Spinal Cord, Ztschr f orthop Chir 57 245, 1932 




Fig 7 — A high power photomicrograph of one of tlic ‘mnlkr tunioi'; with 
anaplasia of cells indicating a beginning malignant process llach oi the si\ 
smaller growths showed this picture 
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development of such nodules the ncnes were piobably alread}" under- 
going pathologic changes at the time of the original examination, 
though not yet clinically manifest In the case reported here the 
cutaneous nerves underlying the h3q5erpigmented skin showed fibrosis 
microscopically, wdnch was indiscernible grossly and which could not 
have been discoveied on clinical examination 

Nothing new can be added concerning the etiologj The preponder- 
ance of changes involving the mesodermal tissue, especially the peiipheral 
neives, the subcutaneous tissue and even the sw'cat glands, lends further 
suppoit to the hypothesis that neurofibromatosis is a manifestation of a 
congenital distuibance of the mesenchyme 

^\l^lle there was no hereditary tendency in the case repoited here, 
the presence of such a tendencj' was demonstrated particular!}^ by 
Pieisei and Da\enpoit They show'ed that there is also a family resem- 
blance m the location of the tumors and in other expressions of the 
disease such as the distribution of the cutaneous pigmentation 

In a ceitam numbei of cases mental deficiency appears This feature 
was absent in the case lepoitcd here 

SOM MARY 

A case of neuiofihiomatosis is lepoited m which theie w'eie, m 
addition to the t}pical ner\e tumois cutaneous pigmentation and 
elephantiasis moie infrequent charactei istics of k3^phoscoliosis wnth com- 
piessioii nnelitis and saicoinatous degeneiation in inoie than one 
neuiofibioma 

The changes of the bones in cases of neurofibromatosis aie desciibed, 
and then inoie impoitant featuies aie pointed out 

The lelationship of spinal deformity to compiession nwehtis is 
discussed 
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To the oithopedic siiigeon the osseous changes in cases of neuiofibio- 
matosis aie of paiticulai inteiest As the disease is consideicd a con- 
genital distuibance of deAclopment othei congenital skeletal defoi unties 
may be coincidental It is theiefoie not svnpiismg that repoits of spina 
bifida, anomalies of the iibs, defects of the fibula and exostoses of 
\auous bones aie associated with Recklinghausen’s disease They, how- 
evei, meiely exist watli. and do not loim a chaiacteiistie pait of the 
skeletal pictuie m this condition Of moic inipoitance aic those altera- 
tions of bone winch aie mcidenfai to the pathologic piocesses involved 
The} show ceitain tipical cluneal and loentgen featuies which help to 
complete the pictine of the tondition IBiooks and Lehman ' destiibcd 
these changes which can he gtouped undei the following foui headings 
(1) paitial atiophy and anest of giowth (2) local hypcitiophy and 
hypeiplasia (3) local change of piessuie due to the giowth of adjacent 
tuinois and (4) unexplained osteopoiosis oi malacia of the long bones 
and the leitebial column 

The skull and the bones of the face at times paiticipate in the patho- 
logic processes Palpable defects of the ciamum. o\ei winch plexifoim 
neiuomas ot elephantiasis of the skin is piesent, weie dcsciibed by 
Kienbock and Rosier- Thinning of the cianial lault atiopln and 
aplasia of the mandible maxilla and zygoma and iinohement of the 
squamous poition of the temporal bone and of the mastoid pioccss may 
be appaient on loentgen examination Less often the changes aie 
those of hypeiplasia and hjpeitioph} due piobabl), to an niitatne 
eftect of the oveiljing neuiomas The combinations of atiophy and 
hypeitiophy may lead to vaiious as} mmeti ical distoitions of the head 
and face 

In the long bones similar changes aie occasionally found When 
nnasion of the bone by peiiosteal neuiofibioma occuis, softening and 
defoi mity may result When such changes aie localized the pictuie 
of defects of the bone covered with a thin layei of peiiosteum can be 
demonstiated in the i oentgeiiogi am These aie the subpei losteal cjsts 
desciibed by Brooks and Lehman^ When stimulation is piesent, areas 
of hypeiostosis aie visible The general outlines of the shafts of the long 
bones aie iiiegular With osteopoiosis pathologic fiactures may follow, 
some of which end wnth pseudai tin osis Deformities, such as coxa 
laia, have been leported Fhegel ® infened that neuiofibiomatosis 


1 Brooks, B , and Lehman, E P The Bone Changes in Recklinghausen’s 
Neurofibromatosis, Surg, Gvnec & Obst 38 587 (May) 1924 

2 Lienbock R , and Rosier, H Neurofibromatose Erne Neurography, 
i ortsebr a d geb d Rontgenstrahlen, supp 42 1932 

Z.scL”’'?t Ss .f Ne»rofib™,„o,e D„«cl„ 
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into this cutaneous sheath an osteoperiosteal wedge for suppoit, he 
intended later to break the bone graft so as to adjust it at an angle 
most favorable for functional purposes He was prevented from attain- 
ing his objective because an amputation was performed by another sur- 
geon However, Nicoladom’s idea was adopted by other surgeons, and 
the operation has been repeatedl) performed with good results (Nosske 
Ritr and Neigesisser) 

In 1897 Nicoladoni, not having lost lus interest m these problems, 
suggested tbe brilliant idea of using toes to restore fingers, the operation 
being performed in two stages A. year later to replace a maimed thumb 
he transplanted the second toe from the foot on the same side In 
this case Nicoladoni met with partial failuie, the distal phalanx of the 
transplanted toe became necrotic, and active motion m the first inter- 
phalangeal joint was not possible 

The cleier idea of transplanting toes drew the attention of surgeons, 
and the operation has probably been performed often , however, so 
far only se\enteen cases in which good results weie attained ha\e been 
repoited Fifteen of the operations i\ere performed in other countries bj 
Nicoladoni (1898) Eisesberg (1900) Kraft (1904 and 1905), Krause 
(1906), Klemm (1917), Norhammer (1915) Muhsam (1917) Payer 
(1917), Essei (1917) Riedel (1917), Oehlecker (1917 and 1919), 
Gregoiie (1921) and Poizelt (1924) Two cases weie reported in 
the Soviet Union b) Piofessor Sviatukhm (1926) and Professoi 
Wreden (1930) Consecjuenth my case is the thud to be recorded 
111 the SoMet Union This comparatively small number of successful 
tansplantations is due to a ceitain complexity of the operation consisting 
in a numbei of technical details, each of which plavs an impoitant part 
if good lesults are to he achieied Therefore a detailed description of 
ever}" case in which success was attained is highly instructive in indi- 
cating how technical difficulties maj be overcome Of course, the 
description of failures with a detailed account of the causes is no less 
instructive but unfortunately such cases aie reported but rarelv 

REPORT or CASE 

The patient, a girl aged 17, had received an injur j of the left wrist while 
tobogganing The accident v as due to a breach of sporting rules , in the first 
place, the girl came down the toboggan-chute holding on to the edge of the 
sleigh, and in the second place, she and her companions started on their descent 
before the sleigh that had come dovn before them had been moved out of their vaj 
The collision of the sleighs resulted in the girl’s left index finger being completeh 
wrenched awai at the base of the middle phalanx and in a compound fracture 
of the middle phalanx of the middle finger 

The patient applied to the Institute in Julj 1933, complaining of an irregularlj 
healed fracture of the middle phalanx of the middle finger and the deformitj 
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osteopoiosis may lesult fiom invasion by peiiosteal neuiofibioma, the 
piocess IS too geneiah/ed to make this explanation entnel} acceptable 
It ma) be supposed that the high giade of poiosis with the coexisting 
musculai weakness can account foi the seieie degiee of defoimit\ 
That none of these assumptions make fully undeistandablc the pecnhai 
and lathei constant pattern of the cuivatuie must be admitted The 
supposition that the veitchial bodies paitake of a moie geneiah/ed 
congenital mesoblastic distuibance is w'Oith consideiing In othei w^oids 
this mav be one manifestation of a geneiah/ed congenital distuibance of 
w'hich the neuiofibromatosis is the most constant featuie Goilit/ei’s' 
case. Ill W'hich theie was lathei sevcic defoiinit} of the spine and the 
thoiacic cage, w'ould suggest such an explanation 

In addition to the kyphoscoliosis all the osseous changes pteMOush 
iiieiitioiied may be found in the veitebial bodies and aichcs Eiosion 
of these stiuctures due to piessuie ellects fioni the giowth of spinal 
iieurofibi oma, wndeiimg of the intci veitebial foiamma local condensa- 
tion and foimation of cvsts has been lecoided 

Of unusual interest in the case lepoited heie was the complete 
loss of iiiotoi and sensoii contiol of the lowei cxtieniities associated 
wnth loss of control of the bladdei and the bowels This is peihaps 
the most unusual complication of Recklinghausen’s disease Raieh has 
complete transverse myelitis with flaccid paiahsis and anesthesia been 
lepoited in a case of this disease One such case in the Fiench hteiatine ' 
and one m the German the case of Goiht7ei,'' have been lecoidcd 
Several factors indicated that the lesion was one of tiue compiession 
myelitis duectly due to the spinal defoimitj The absence of leal pam 
especially radicular, the lapid development of the neinologic manifesta- 
tions and the extreme deformity at the apex of the k\phos with coi- 
respondence of the site of involvement of the coid to this le^el indicated 
strongl} that the pathologic piocess within the spinal canal consisted 
of compression of the coid hj' the kinked veitebial column Injui) to 
the cord by hour-glass neiiiofibiomas m the mtei veitebial foiamma can 
be leadily ruled out. as the development of the paralysis would have 
been much slow’er, and a unilateral lesion w ould hai e been expected 
hist Lesions of the coid of vaiious degiees have been leported in 
cases of neurofibromatosis as the lesult of concomitant Pott’s disease 
spina bifida, or other anomalies of the veitebial column, but no such 
changes w'eie found in my case 


6 Gorhtzer, Victor Severe Neurofibromatosis Reckhnglnusen with Skeletal 
Deformities, Arch f Dermat u Sjph 159 510, 1930 


/ Euziere , Laniarque, Viallofont and 
hausen s Disease w ith K^ phoscohosis and 
biol de klontpelher 10 340 (Juh) 1929 


Longon-Turot A Case of Reckling- 
Paraplegia, Arch Soc d sc med et 
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of cotton between the base of the bridge and the bandage OnU after a month 
had elapsed and the compression of the plantar bridge no longer affected circulation 
in the donor (the toe) did I attempt the second stage of the operation, i e, the 
cutting awav of the bridge and the suturing of the tendons of the flexor Within 
the next two dais the recipient (the finger) w’as kept warm by irradiation with 
an infra-red lamp through the bandage 



Fig 3 — Roentgenograms showing the fracture of the middle phalanx of the 
middle finger (A) and healing after placing a w'edge of bone between the phalan- 
geal ends (B) 


Sesen da\s after the operation the sutures were remo\ed, and the patient 
w'as treated bv means of baths, massage, g\ninastics and iontophoresis with potas- 
sium iodide in the outpatient department of the Institute 

Three months later the patient entered the Institute again for the correction 
of the badh healed fracture of the middle phalanx of the middle finger Under 
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exteusnelv in\olved but neuiofibiomas of peihups all the cianial, spinal 
and sympathetic nei ^ es ha\ e been clesci ibed In then oidet of fiecjiiency, 
changes ha^e been noticed in the ulnai ladial, oibital, gluteal sciatic 
and ciural nenes accoiding to Pieisei and Davenpoit“ Pam is usually 
absent If piesent it is nemalgic oi nemitic The neives maj be tendei 
on pi essui e Pai al} sis oi ati ophy i ai ely occui s 

The question of malignant degeneiation of these tumors was full} 
studied b\ Hosoi He was able to collect lepoits of si\ty-fi\e cases 
from the hteiature Ot these metastases occui i eel m fouiteen cases, 
01 22 pel cent the lungs being most fiequently iinadecl In 72 pei 
cent of these cases the condition developed aftei the third decade 
of life Raielv did a malignant piocess occui piimarih in moie than 
one tumoi nodule The case icpoited heie is therefoic of additional 
interest in that malignant degeneiation of vaiious degices was piesent 
m almost all the laigei tumoi s studied (seien) Except foi theadianced 
changes in the extiemch laige tumoi all the otheis wcie of similar 
appeal ance inacioscopicalh and micioscopicalli Malignant degeneia- 
tion had reached an equal stage m all As no othei stmetmes w’ere 
invohed in the malignant piocess, one must suppose that on the basis 
of previoush benign lesions sarcomatous degeneration took place simul- 
taneoush m several neuiofibromas lathei than that the changes weie 
metastatic The tiansition fiom a bemgu to a malignant process seems 
to have coincided with the period of rapid giow'th of tlie laige tumoi 
Tins rapidity of giowth was evident histologically from the shaip 
division between the In mg and the dead tissue without a neciobiotic 
zone and fiom the presence of stiuctuial outline wheie ueciosis existed, 
indicating the inability of the blood siipplv to keep pace with the 
accelerated anaplasia Mhen the giowth of a benign tumor undeigoes 
unusual stimulation, the piesence of malignant changes must be strongly 
suspected 

The t}pical coftee-coloied spots and areas of elephantiasis hare been 
too fiequently described to necessitate furthei discussion That these 
changes aie dependent on a pathologic process m the subjacent nenes 
IS a leasonable assumption in view' of the widespieacl involvement of 
the peiipheial nerves Ellei lepoited several cases m wdiich the typical 
cutaneous changes w'eie piesent w'lthout any palpable neurofibromas 
haling been found However, as latei obsevvations revealed the 

11 Preiser, Samuel A, and Da\enport, Charles B DvMtiple Neurofibro- 

roTfoct Inheritance, Am J U Sc 1S6 

12 Hosoi, K Multiple Fibromatosis with Special Keference to itahenant 
iransforniation^ Arch Surg 22 258 (Feb) 1931 

13 Eller, J J Incomplete Form of von Recklinghausen’s Disease Arch 
Dermat S. S\ph 17 648 (Ma\) 1928 
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of the grasp and the piessuie excited h}' the thumb and the grafted 
index finger were no less than those of the othei hand Tlie patient 
was much pleased with the results of the operation, the symptoms of 
mental depression had completely disappeared as soon as the defect 
of the fingei was lepaiied, and the patient, who previous to the opera- 
tion was always hiding hei maimed hand, now readily submitted it 
to examination 

The foot with the amputated toe caused the patient no unpleasant- 
ness Even in cases m which the thumb lias to be replaced I believe 
It more rational to use the second instead of the great toe, both for 
cosmetic consideiations and for preser\ation of the statico-dynamic 
function of the foot, in which the great toe is of the utmost impor- 
tance This statement is confirmed by the lesults m one of Oehlecker’s 
cases m which the function of the foot was found to be distuibed 
subsequent to the grafting of the great toe 

On the ground of the afoiementioncd data the results in this case 
should be considered entiiely successful, a fact which has been full} 
acknowledged at the meetings of the two surgical societies at which 
the patient was piesented By no means all of the eighteen reported 
cases of successful grafting of toes (the present case included) may 
be regarded as entirely satisfactory from the functional point of view 
In ten of the eighteen cases the function of the recipient was barely 
satisfactory, m four cases (those of Klemm, Esser, Norliammer and 
Oehlecker) the function was good, and in the four remaining cases 
(those of Riedel, Sviatukhm and Wieden and mine) the fingers com- 
pletely fulfilled their normal function and pioved to be genuine sub- 
stitutes for the lost members Thus in performing the operation the 
surgeon has to cope with two tasks of increasing complexity The first 
consists m insuring the healing of the grafted toe, and in my opinion 
the success of this pait of the operation is chiefl}'^ determined by allow- 
ing the necessaiy time to elapse before the second stage, the separation 
of the bridge, is attempted, the second task is moie complicated, for it 
consists in insuring active motor function in the finger, which makes 
it necessary to oveicome certain technical difficulties 

In Prof R R Wreden’s clinic so far only two attempts to per- 
form the operation ha^e been made (those by Wreden, 1930 and me, 
1933) , both opeiations pioved successful I believe that the good 
results in my case should be attributed to the fact that a number of 
technical details were carefulh woiked out and it is the chief object 
of this paper to piesent a full account of these details 

1 The pedicle should be made on the side of the sole, foi the 
plantar arteries are better developed than the doisal, and they there- 
fore insure a better blood supply Besides it saves the patient a great 
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The blanch of singer\ which is known by the name of “lestoiatne 
snrgei} ’ and which aims at reestablishing lost functions and collecting 
cosmetic detects is one of the most fascinating 1 he possibility of 
lestoimg to the manned then capaciti for uork and of freeing them 
fiom the mental depiession caused b\ the leali/ation of then infii unties 
is one of the noblest woiks a surgeon can peifoiin it brings him satis- 
faction and lestores balance to the patient’s life Because of this, 
many of the most gifted surgeons have long since diiected their eitoits 
towaid restoiatne surgen, which has achieied paiticnlaih gieat de^el- 
opment within the last decade laigely m connection with the theoietical 
and piactical stud\ of plastic piocediues The healing on of paits of 
e\tiemities which have been lost in the accomplishment of winch pii- 
mary leimplantation and secondau grafting aie distinguished as diftei- 
ent methods is of paiticulai inteiest 

The healing on of completely se\eied fingei-tips should be consideied 
as the first evpeiiment made within this paiticulai field of surgeiv 
Hopfnei s expeiiments wdnch lesulted in paitial adhesion of an ampu- 
tated e\tlemlt^ m a dog seived to show' that it was possible to attempt 
leimplantation of even laigei sections ot the extiemities Jiame suc- 
ceeded 111 reimplanting the foreaim m man, and thiee yeais aftei the 
operation he had occasion to obsene that the sensoi), motoi and vaso- 
motor disturbances weie considerably decreased How'eiei, the success 
of similar opeiations demands a number of favoiable conditions and 
theiefore the practical importance of reimplanting extremities is by no 
means gieat Such cases as these w'lll always be lare On the othei 
hand, secondarj grafting w'hich aims at compensating for the defects 
of such functionally impoitant w'orkmg levers as fingers seems to ofter 
much gi eater possibilities 

The initiatoi of plastic surgical tieatment of tendons, Nicoladom, 
w'as also the first to make a new' attempt in the second field of surgery 
As early as 1891 he attempted to restore part of a thumb by means 
of a skin graft taken from the chest, wnth the intention of inseiting 


From the Chnic of Traumatolog\ and Orthopedic Surger^ of 
State Traumatological Institute (Director, Dr F I Iifashanski ) 


the Leningrad 
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seven days enough Othei authors have suggested intervals of varying 
duration within the lange of the two just mentioned 

I believe that an interval can hardly be determined which will apply 
to all cases, as it depends on the establishment of nutrition m the 
pedicle This is determined b} the reaction shown in its circulation 
after compression of the pedicle It is obvious that in different cases 
the inteival will be of diflerent length, it mi} depend on the patient’s 
age, on his general condition, on the sue of the giaft and other factors 
6 Within the first days after the opeiation I believe it highly 
advisable to keep the recipient warm b}' means ot an electiic bath, 
infra-red lamps, etc 

The strict observance of the technical suggestions just made wall 
to a great extent insure the success of the opeiation The patient’s 
invalidism lasts from one and one-half to thiee months 

Taking into considciation the moral and economic effect of the 
procedure, I propose that it be more wndely applied in the future, 
for the operation should no longer be regarded as a surgical experi- 
ment It has become a w'ell grounded and effective method of restoring 
ability to work and of overcoming cosmetic defects 
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of the uidev finger, which was the cause of constant depression Within the 
same month the patient was subjected to tiic first stage of the operation per- 
formed according to Nicohdoni’s method Local anesthesia was cmploced The 
distal surface of the stump of the finger was cut open bv means of an arched 
mcision, the tendon of the evtensor muscle isolated, the surface of the phalanx 
exposed and the periosteum separated around it to a depth of about 0 5 cm 
Furthermore, an incision forming a cutaneous flap was made at the base of the 
second toe of the left foot on the dorsal surface, both the dorsal interosseous 
arteries haring been diridcd The tendon of the extensor muscle of the toe was 
cut as far proximalh as possible ffig 1 ) One centimeter distal to the proposed 
level of dnision of the bone the periosteum was separated and turned back as a 



Fig 1 Drawing shorving the first stage of transplantation of a toe on the 
index finger 


u , a er wiich the bone was duided The distal end of the phalanx of the 
oe was IS ocated in the rvound and adjusted exactly opposite the newh sectioned 
p la anx o t e stump of the finger The edges of the prer louslv separated pen- 
astened together bv means of a circular suture of catgut with the 
h,nT ^ '■“gthemng the contact between the fragments of bone The sutures 

tendons of the extensors were made somewhat 
periosteal edges, while suture of the skin was 
that of the tendon Fmalh, the 
annlipH placed m a sitting posture, a plaster of pans dressing was 

pphed reaching to the upper edge of the shoulder blades (fig 2) 

P^^^ter of pans bandage, and the regular 
g vn 0 the plantar bridge was begun by inserting a tighth rolled ball 
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termination ot the second or accessoi}' c\'stic duct may be in the common 
duct or m one of the hepatic ducts Of 22 cases m which the exact 
teiminations of the cystic ducts were demonstiated, the “Y” t 3 'pe of duct 
was present in / (fig 1-^) and a ductular” variet}^ or two completel} 
separated ducts (fig 15), m 5 

An accessoiy gallbladder may be adjacent to the normal organ and 
thus he in the normal fossa of the gallbladder (fig lA, B and C) 
When the two gallbladdeis he next to one another they are often invested 
with a common peritoneal coat, and the true duplicate nature of the 
organ is theiefoie occasionally oierlooked at the operating table Moie 



Fig 1 — Types of double gallbladder, showing the positions of the accessori 
organs and the distribution of their ducts A shows the gallbladder in the normal 
fossa with Y-shaped cystic ducts , B, in the normal fossa with two separate c} stic 
ducts, and C, in the normal fossa with an accessory cystic duct directly entering 
the hepatic substance D shows an accessory gallbladder partially embedded within 
the right lobe of the luer and communicating with the mam hepatic duct, B, an 
accessory gallbladder under the left lobe of the liver and communicating with the 
left hepatic duct, and F, an accessory gallbladder in the gastrohepatic ligament 
and communicating with the common duct 

often there is a fissure between the two gallbladders, oi else they are 
not covered by a common coat and the double structure is evident The 
accessorj gallbladdei may he in positions other than in the noi mal fossa 
It may be situated under the left lobe of the liver and may communicate 
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local anesthesia the bone was refractured The distal end of the phalanx w'as 
then correctly adjusted, and a small wedge taken from the same phalanx was 
placed betw'een the fragments so as to keep them m place (fig 3) 

Five months after the first operation the patient was presented before the 
Leningrad Societ> of Orthopedic Surgeons and the Pirogoff Surgical Society 
Both the functional and the cosmetic results were found to be highly satisfactory 
(fig 4) The line of grafting w'as manifest oiilj'^ by a narrow' scar w'hich w'as 
bareh visible The mental stite of the patient was greatly impro\ed 
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operation on the index 

and middle fingers fi\e months after the first operation 

In the case leported by Klemm sensation was not completely 
lestoi eel until the end of the second year aftei the operation This 
may piobably be accounted for by the fact that the scar along the line 
of grafting was soinetvhat thicker because healing occurred by second 
m ention ]\I3' patient could use her finger to its full functional capacity, 
nnd It IS of inteiest to note that the skin on the finger-tip had beconi 

to the fact that the skin of the 
less adapted to ivork than that of the fingeis The stren-th 
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■deal of inconvenience to have the wiist placed on the cloisal suiface 
of the foot with the fingers enciichng it lathei than fixed under the 
sole of the foot, the more so that in the lattei case the hip and knee 
have to be hi ought into a position of still fuither flexion, which is 
especiall} haid to bear Hence in perfoiming the fiist stage of the 
operation I leave a plantai bridge with two plantar arteiies 

2 It IS of gieat importance as fai as the functional success of 
the opeiation is concerned that the lerel of the osseous tendinous 
and cutaneous sutuies should not coincide When the case of the 
patient whom I presented was undei discussion, Prof J J Jenahdze 
suggested that, contiar}' to Bunners method, only the deep-lying flexor 
of the recipient should be sutuied m the second stage of the operation, 
the superficial flexor being ignored, with a view to simplifying the 
technic 

3 To insure a better contact and fixation of the osseous fiagments, 
suturing of the penosteSl cutis made pievious to the osteotomy of the 
phalanx of the toe and freshening of the wound of the phalanx of the 
stump of the finger are advised 

With a view to obtaining a bettei contact between the ends of the 
phalanges Professor Sviatukhm advised in the first stage the resection 
of the superfluous central portion of the phalanx and the head of the 
corresponding metatarsal bone 

Fully appreciating the importance of the suggestion, I object to the 
resection of the head, for on this depends to a great extent the function 
of the foot 

4 Many of the patients find it extremely hard to endure the highly 
mconvenvent position in which they are forced to remain for a con- 
siderable period of time Their constant complaints have not infre- 
quently led surgeons to attempt the second stage of the operation 
somewhat prematurely, a fact to which a number of failures may be 
attributed With a view to alleviating these painful conditions I apply 
a plaster of pans bandage (fig 2) which encases the upper and lower 
extremities on the side of the operation as well as the body at the back 
leaching to the upper edge of the shoulder blades In such a bandage 
the patient seems to sit leaning on the back of an armchair The difficult 
problem of sleep is simply solved, the patient is put to bed lyang on 
his side A great deal may be gained by training the patient to main- 
tain the necessary position prior to the operation 

5 Various authors have recommended different intervals between 
the fiist and second stages, the length of time varying considerably 
For instance, Porzelt performed the second operation on the thirty- 
thud day after the fiist, while Sviatukhm considered an mteival of 
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tiom the noimal c}stic duct would produce a double structure with a 
Y-shaped c}stic duct 

In contiast to those accessory gallbladders which arise from the 
extrahepatic ductular system there is a second form which has been des- 
ignated the tiabecular gallbladder (Boyden) because it arises from the 
hepatic trabeculae bordeiing the fossa vesicae felleae Such a gallblad- 
dei alwa\s lies adjacent to the normal one, but its duct turns and courses 
diiectly into the substance of the In-er Such an anomalous structure 
probably repi esents an outpouching from the liver cell cords, and as such 
It develops a communication wuth the smaller bile capillaries Boyden 
obsened 4 of these accessory trabecular gallbladders in his series of 
cahes and 1 m a sheep The onl}’ example evei recorded in man is 
that published bv Croudace (fig 1C, table 1, case 22) 

The reports of these cases do not give any characteristic sjmptoms 
or signs which might be of aid in diagnosing the presence of the con- 
genital anomal) befoie operation or autopsy When the accessory organ 
is the seat of inflammatory change or stone foimation, the symptoms 
and signs are indistinguishable from those occurring wuth cholecystitis 
oi cholelithiasis m a normally formed gallbladder The mere presence 
ot a second vesicle has not clearly given rise to symptoms in any case 
Whethei or not an accessory organ is more prone to be in\ohed by 
disease processes is difficult to state, but the fact that most of these 
anomalies haye been found at the opeiatmg table and only a few at 
postmortem examinations tends to show^ that the accessory structure is 
piobablyf more likely to have pathologic changes than is a normally'^ 
formed organ 

Roentgenogiaphic examination has demonstiated a duplicate gallblad- 
der in 5 instances Climan in 1929 reported a case m which there w^as 
a second shadow which lay behind and below the first gallbladder shadow 
Ten minutes after the ingestion of a fatty'^ meal both shadow's were 
reduced in size, and evidence of a distinct double gallbladder was more 
pronounced Both vesicles showed good concentration of the dye and 
normal reduction m size after the fatty meal was taken In Nichols 
first case (1926) there w'ere two distinct row's of stones in the region of 
the gallbladder which could not be approximated by manipulation of the 
gallbladder (fig 2) In 1931 Hayes demonstrated tw'o dye shadow's 
indicative of a double organ (fig 3) Cave (in 1931) recorded 2 addi- 
tional examples of double gallbladders detected by' cholecystography In 
each of the last 2 cases, one gallbladder concentrated the dye and emptied 
normally w'hile the contiguous gallbladder failed to empty properly 

A report of a case of double gallbladder follows 

G B , aged 3 j ears and 3 months, entered the Children’s Hospital in August 
1932 because of a chronic infection of the respiratory tract of two and one-half 



CONGENITAL ANOMALIES OF THE GALLBLADDER 

\ REMEW or ONE HUNDRED AND I ORTY-EIGHT C \SnS, WITH 
REPORT or \ DOUBLE GALLBLADDER 

ROBERT E GROSS, MD 

BOSTON 

Congenita! anomalies of the gallbladder are laie, but it is desirable 
foi the 1 oentgenologist and suigeon to be familiar with the malfoimatioas 
of this organ which they so commonly examine and operate on Mal- 
foimations of the bile ducts and their associated blood vessels have been 
admiiablj emphasized by Eisendrath, Habeiland, Holmes, Howard and 
Wolbach, Kehr, Ladd, Mentzer and others, but such treatises have not 
included any comprehensive study of the gallbladdei It is my pin pose 
in this presentation to collect fiom the liteiatuie the isolated reports 
relevant to the subject of anomalies of the gallbladder and to piesent 
tins material in a unified mannei The review has been extensive but 
not exhaustive, for many ai tides haie appeared in peiiodicals that weie 
not available, and othei examples have doubtless been ovei looked 
Numerous cases of the types under discussion were recorded before 1900, 
and while many of these were well described, only the more recent reports 
aie employed A study of the following 148 cases is adequate to illustiate 
the difterent types of abnormalities of the gallbladdei Histologic studies 
have usually been lacking, and the descriptions have been more con- 
cerned with gloss findings Notes on the vascular sj'stems about these 
gallbladders are very poor, and in order that the course and distribution 
of the associated blood ressels mav be better nndci stood, future exami- 
nations and reports should include such data Bo) den’s anatomic studies 
on the accessory gallbladder have been freeU used in the pieparation of 
the following sections 

ANOMALOUS FORMS OF THE G \LLBLADDER 

Double Gallbladdei — ^The term “double gallbladdei” has been 
employed to describe 28 examples of reduplication of the vesica fellea 
in each of which there were two separate gallbladdei caxities and two 
separate cystic ducts The two cjstic ducts may subsequently converge 
and form a joint cystic duct which enters the ductus choledochus 
(\ -shaped tjpe), or the two cystic ducts may emptr sepaiately into the 
extrahepatic biliary system (ductular type) In the latter form the 

From the departments of Pafhologv and Surger\ of the Children’s Hospital 
and the Harrard Medical School 



138 


ARCHIVES OF SURGERl 


months’ duration He died two da\s after entr\ to the hospital At no time 
during the patient’s life had there been am symptoms referable to the biliaiy tract 
Autopsi showed acute and chronic bronchopneumonia, bronchiectasis and 
fibrmopurulcnt and fibrous pleuntis The observations of particular interest were 
limited to the liver and the biharj system The Iner weighed SOO Gm and showed 
no evidence of cirrhosis or of biliary stasis The under-portion of the liver was 



Fig 4 — Photographs of the Iner and double gallbladder in the case here 
reported The accessory gallbladder is spherical and extends far up into the 
substance of the right lobe of the Iner A indicates the accessory gallbladder, 
C, the normal cystic duct , D, the common duct , G, the normal gallbladder , H, 
the hepatic duct, and J, the junction of the accessory gallbladder to the hepatic 
duct 

abnormal because of the presence of a large hemispherical cavity within the sub- 
stance of the right lobe The caMt\ was open below and extended up into the 
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with the left hepatic duct (fig IE) Anothei location is demonstiated 
in the case repoited at the end of this section, in which the accessory 
oigan was laigelj’^ embedded within the right lobe of the liver and 
communicated with the mam hepatic duct (fig ID) A fourth location 
IS on the undei -stir face of the hvei or within the gastro-hepatic liga- 
ment, the accessoiy oigan having a communication with the common 
duct (fig IF) 

The sue of an accessoiy gallbladder is usually appioximately the 
same as the normal stiucture, but occasionally it is only a half or two 
thuds of these dimensions The anomalous gallbladders which arise 
from the common duct and he along the gastrohepatic ligament aie 
unifoimly small and rudimentary stiuctmes which are from 1 to 2 cm 
m oveiall length The accessory gallbladdei descubed here (fig ID 
and fig 4) was much larger than the pninaiy vesicle In 23 cases for 
which such data are recorded, 17 duplicate \esicles occurred in females 
and 6 m males Si\tv-foui per cent of these cases were discovered in 
the age gioups betw'een 30 and 60 3 'ears, the youngest peison was 14 
months of age, and the oldest, 69 3 'eais 

Boyden m 1926 collected and analyzed cases of accessory gallbladder 
m man and m animals In the section on double gallbladder m human 
beings he listed 6 cases from the older hteratuie which have not been 
included here He also mentioned a specimen from the Hamann Museum 
for wdiich few anatomic data w'eie given In a thorough study of animal 
mateiial Boyden found 23 examples of double gallbladdei m 2,600 cats, 
47 cases m 2,555 calves and 3 cases m 2,560 lambs and sheep 

The embryologic explanation of the formation of these double vesi- 
cles varies somewdiat with the foiin of the duplicate structure A 
secondary gallbladder connecting wnth the cystic, hepatic or common 
duct probably arises from the small outpocketmgs wdnch are so fre- 
quently seen on these ducts in embryonic life and wdnch apparent^ 
repiesent a normal stage in the development of the extrahepatic bihar 3 ’^ 
S 3 'stem Such rudimentar 3 ' and additional duct buds are common m 
human embryos and may spring from an 3 f one of the primai 3 ' ducts, 
but they are most common at the junction of all thiee ducts (Keibel 
and Mall) Boyden found (in vertebrate embryos) a hepatic antrum 
at the junction of the cystic, hepatic and common ducts and show^ed 
that from this dilated portion of the ductal system theie are numerous 
outgrowths and accessory vesicle formations These supernuinerarj 
buds noimally regress but the peisistence of one of them would doubt- 
less result in founation of an accessory gallbladder A second acces- 
sory gallbladdei thus originating on the hepatic or common duct wmuld 
be of the ductular variety, for it w'ouid connect wnth the biliary tree 
separateh from the normal cystic duct A second gallbladder arising 



Table 2 — Data tn Cases of Btlobed Gallbladdei 
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Fig 2 — Roentgenogram of a double gallbladder showing two rows of stones 
in the two gallbladders (Nichols’ first case, reproduced from RaBwlogv 6 255, 
1926) 



Fig 3 -Roentgenogram of a double gallbladder, showing d^e m two separate 
gallbladders Other films showed the gallbladders spread apart (Ha^es’ case, 
reproduced from Radiology 16 66, 1931 ) 
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veise incomplete septum pinching oft a small cavit} at the tip (fig 6D) 
may be developed as an incomplete lesolution of the solid stage through 
which the gallbladdei passes in embr}onic life Thus a constricting 
band or incomplete diaphiagm is left in the same manner as a congenital 
stenosis or atresia is de\ eloped in the small intestine 

Absence of the Gallbladdei — Total absence of the gallbladder is 
lepresented b} the 38 cases listed m table 4 Only those cases are tabu- 
lated in which the hepatic and common ducts were present and function- 
ing and in which the absence of the gallbladdei %\as the only abnormality 
Theie is a larger group of cases which are not included in this review 
In these, in addition to absence of the gallbladder, there w'as atresia 
of all or some portion of the hepatic or common duct system Approxi- 
mately 200 cases of atiesia of the extrahepatic bile passages have been 
recorded in the liteiature, and in about one sixth of these there was 
absence of the gallbladder 

Agenesis of the vesica fellea may occur without any other variation 
from the normal in the remaining extrabiliai}’- system, as is demonstrated 
by the 38 examples listed in table 4 The fossa of the gallbladder w'as 
commonly absent, but occasional!} a shallow fissure or dimple w’^as visible 
on the under surface of the right lobe Nuineious authors observ’ed 
that the quadrate lobe w'as poorly defined or entirel} missing Absence 
of the gallbladder was twnce as common m females as m males The 
ages of these patients wdren the anomaly was discorered, at operation or 
autopsy, varied from a few days to 65 years, wnth an average of about 
35 years Twelve of the abnormalities w'eie observed m persons betw'een 
the ages of 45 and 65 As far as could be determined from the reports, 
the absence of the gallbladder did not in any w'a} impair the health or 
digestive functions of these persons The absence of the gallbladdei, 
per se, w^as rarely accompanied by an} compensator} dilatation of the 
hepatic or common ducts, and many authors commented on the normal 
size of these structures When the extrahepatic ducts were dilated the 
presence of gallstones raised the possibility that the increased size w'as 
due to obstruction from calculus lathei than fiom absence of the 
gallbladder 

The absence of a gallbladder may be explained in tw'o ways The 
hepatic diverticulum arises fiom the foiegut to form the liver, the extra- 
hepatic ducts and the gallbladder The gallbladder and cvstic duct nor- 
mally originate from this diverticulum as an outpocketing, but the failure 
of the latter development w'ould cause complete absence of the gallbladder 
and cystic duct A second w'ay in w'hich absence of the gallbladder might 
be explained is by the failure of the gallbladder bud to resolve from its 
solid embryologic stage The hepatic, common and cystic ducts, as well 
as the gallbladder, are hollow structures in early embiyonic life but later 
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Iner, so tint only a nm of the substance of the liver from 4 to 5 mm thick 
remained at the dome of the righ*^ lobe The cavit 5 % uhich was about 7 cm m 
diameter, lav above and to the left of the normal fossa of the gallbladder and 
was completely filled with a spherical, thin-walled accessorj gallbladder which 
was 7 cm m diameter (fig 4) This bladder was filled with normal bile Leading 
from the left lateral and the posterior portion of this saccular structure there was 
a small duct 3 mm m diameter and trom 4 to 5 mm m length wdiich communi- 
cated with the midportion of the mam hepatic duct 

The primarj gallbladder w'as normal m appearance and essentialh normal in 
size for a patient of this age It was 4 5 cm long and 1 S cm m its greatest 
diameter Its walls showed no e\ idencc of inflammatory change The cj stic duct 
was 4 5 cm in length This elongated duct coursed around the right lateral aspect 
of the accessori gallbladder to enter normally at the ) unction of the hepatic and 
the common ducts This primary gallbladder contained colorless mucinous fluid 
which at first could not be expressed down into the common duct and the 
duodenum The presence of this white bile was apparently due to piessure on 
the primarv cistic duct by the adjacent distended accessory gallbladder, for w’hen 
the latter lesicle was deflated the primary cjstic duct w’as found to be patent 
ilicroscopic examination of the wall of the accessory gallbladder show'ed it 
to be composed entirely of a dense band of hyabnized connective tissue There 
W'as no smooth musculature The inner laier lacked an epithelial lining There 
W’ere no mucosal glands A few small masses of inspissated bile were found on 
some portions of the inner surface There w'as no eiidence of mfiammatorv 
reaction in the wall 

Bilohcd Gallhladdct — This anomaly, which is so common m many 
of the highei vertebrates, is seldom encountered m man (table 2) 
Vesica fellea divisa, as the name implies, is a gallbladder with a bifid 
01 partially divided stiuctme Included m this gioup are those speci- 
mens w'lnch have two cavities both of which aie drained by a single 
c\ Stic duct 

Two tjpes of this malfoimation are seen In the first of these the 
gallblacldei appears iioimal to external inspection, but when opened it 
IS found to have a longitudinal septum dividing the organ into two cham- 
bers These two cavities communicate at their proximal ends and aie 
supplied bj one duct (fig 5 A) This septum is fibrous, but may contain 
a smooth innsculatuie Glandular elements haie been desciibed in the 
septal mucosa The second foiin of bilobed gallbladdei has a complete 
dnision of the fuiidic poitioii, with a fusion of these poitions at the 
neck of the gallbladdei The cleft is shallow in some instances, but in 
other cases it almost completely divides the gallbladdei into two parts 
Extcinalh such an oigan has a V shape The two cavities are thus 
conipleteh' separated at the distal ends but communicate with one another 
at the base and hare a common exit through one cystic duct (fig SB) 

J lie two aims of such a gallbladder are usually of equal size, but occa- 
sionalh one bianch mar be smaller than the other 
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Table 4 — Data m Cases of Absence of the Gallbladdci — Continued 
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have their lumens tempoiaiily obliterated during the so-called solid phase 
through which all these structures pass These lumens are all later 
reestablished, and the noimal organs are foimed, but an arrest m this 
obliterated stage pioduces atresia of anj poition of the extiahepatic 
system (in the same manner in which intestinal atresia is derived) When 
theie is atresia of the extiahepatic ducts oi gallbladder there is usually 
a visible solid fibrous cord found lepiesentmg ducts and gallbladder in 
infants who die of this condition In contiast to these findings of a 
rudimentary cord m the fossa of the gallbladdei in cases of associated 
atresia of the ducts, no such rudimentar}’- structure was lepoited in any 
of the cases listed in table 4 The belief is therefoie established that 
in the group of cases listed in this section the gallbladdei is absent 
because of the failure of development of the gallbladdei bud from the 
hepatic diverticulum 

Miscellaneous Malfoimatwns of the Gallbladdei — There are several 
forms of gallbladder which desen’^e only passing mention An hour-glass 
gallbladder is frequently described, but from most of the reports it is 
not clear and is indeed impossible to tell whether it is the result of 
inflammatory change and subsequent cicatricial contraction There are, 
however, examples m which this is undoubtedly a congenital malforma- 
tion, particular!}’^ those occurring in younger children in whom there is 
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In the cat Bo}cIen found that this was the most common anomaly 
of the gallbladdei He observed it 272 times, or m 10 per cent of all 
the animals examined He also recorded 30 bilobed specimens in 2,555 
calves and 27 m 2,560 lambs and sheep and 5 cleft gallbladders in 2,572 
pigs 

The embryologic explanations of bifid V-shaped gallbladders has 
been clearly demonstrated m the cat (Boyden), and the same process 
possibly applies to man In the cat the embryonic gallbladder frequentl} 
acquires a paired foim by a subdivision of its pnmordium When this 
structure is in the solid stage a splitting of it in a longitudinal direction 
changes this single bud into a partially divided organ These paired buds 
maintain a connection with each other, but the fundic ends lemain sepa- 
rated The bilobed gallbladder in which the two cavities are separated 
only by a longitudinal septum probabl}'' repiesents an incomplete resolu- 
tion of the solid stage through which the structure of the gallbladder 



Fig 5 — ^Forms of bilobed gallbladder having one cystic duct 4, a gallbladder 
with normal external contour but with two cavities separated by a septum, B, a 
gallbladder paired at the fundic portion and joined at the neck of the gallbladder 

normally passes Instead of the entire cavity being again leestablished, 
a portion of the solid elements remains to form a fold or septum 

Dwetticidum of the Gallbladdet — A diverticulum of the gallbladder 
may occur anywhere along the suiface of the oigan from the fundus 
lo the neck (table 3) The diverticula vary in size fiom to inches 
(0 64 to 3 8 cm ) m diameter Only a small number have been observed 
at operation, but they are occasionally lecognized b} cholecystography 
Vastme recorded 2 well illustiated examples which were detected bi 
roentgenographic examination, the first of which was confirmed by 
operation He pointed out that a calculus in such a diveiticulum can 
be detected by its separation from, but its constant i elation to, the gall- 
bladder shadow The gallbladdei shadow also appears to be slightly 
indented at the base of such a diverticulum 



J-48 
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The origin of most diverticula of the gallbladder, particularly those 
occurring toward the neck, appears to be closely related to the develop- 
ment of the cysthepatic ducts These small ducts, found in embryonic 
stages, pass from the gallbladder bud or from the upper portion of the 
cystic duct over to the substance of the Iivei As the structures in the 
region assume their final size and relationships, these small cysthepatic 
ducts (when they persist) are found coursing between the neck of the 
bladder and the adjacent liver m the region of the fossa of the gallbladder 
Such ducts are observed raiely in adult human beings, but Boyden has 
seen them in 25 calves and 2 pigs An example in man is found in the 
case of Eisendrath (fig 65), in which there was persistence of the 







Fig 6 — Forms of diverticula of the gallbladder A, a diverticulum at the 
neck of the gallbladder , B, at the neck of the gallbladder, associated with per- 
sistent cysthepatic ducts which directly enter the gallbladder, C, of the body of 
the gallbladder, and D, at tip of the gallbladder 

cystliepatic ducts opening directly into the gallbladder In this case a 
dnerticulum was also present at the neck of the gallbladder It is. 
b} persistence of these ducts, or from remnants thereof, that diverticula 
are believed to arise While these ducts and early diverticula are thus 
present on that side of the gallbladder facing the liver, the normal rota- 
tion of the gallbladder may bring the diverticulum to he on the exposed 
surface of the gallbladder (fig 6A) 

To exiilain the origin of a diverticulum on the fundus of a gallbladder 
IS difficult Those fundic forms which are described as having a trans- 
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culties encountered in draining or removing stones from sucli an organ 
are obMovis Such a position of the gallbladder is probably attained 
by migration of the normally formed structure and an anchoring in this 
backward portion by the de\ eloping peritoneum 

Timist’osc PosJiwn of the Gallbladdo — This condition has been 
described twice In these 2 instances the gallbladder lay somewhat 
farther back than its normal position and was turned to assume a hori- 
zontal position within the transverse fissure (fig 7D) In Gay’s case 
the gallbladder was bare!} one-third the normal size and lay m the 
extreme right of the transverse fissure, it was almost completely sur- 
rounded by the substance of the liver Deaver and Ashhurst also 
described a gallbladder which was deeply placed and “horizontally trans- 
verse ” Such a site for a gallbladder is again presumably dependent on 
an abnormal rotation or migration of the definitive organ 



Fig 8 — Floating gallbladders with a “mesenterj’ ” A, mesentery supporting 
the gallbladder and cjstic duct, B, mesentery supporting onlj the cystic duct, 
allowing the gallbladder to hang free 

Floating Gallbladdei — Torsion of the Gallbladder As has been 
pieMOUsly seen, the gallbladder may assume positions with varying 
degrees of partial or complete embedment within the liver Of similar 
interest, but of greater importance from the standpoint of frequency 
of occurrence and liability to produce clinical symptoms, is the study of 
gallbladders wdiich hang from the liver on a sort of “mesentery ” The 
peritoneal coat surrounding such a gallbladder continues as two approxi- 
mated leares to form a fold or mesentery to support the gallbladder 
from the under-surface of the liver This fold is of variable length and 
may allow the gallbladder to hang for as much as from 2 to 3 cm from 
the inferior hepatic surface The fold may run the entire length of 
the gallbladder and cystic duct (fig 8^1), or it may support only the 
cystic duct and allow the gallbladder to hang free and movable (fig 85) 
Graded forms and combinations of this fold have been described, the 





Table 4 — Data m Cases of Absence of the GaUbladdci 


No 

of 

Case Author 

1 Bubenhofer 

2 NiemncL 

3 Stone 
i Hinder 

5 Eiben 

6 Eiben 

7 Hoffman 
and Jackson 

8 Leopold 

9 Blakeway 

10 Goebel 

11 Ewers 

12 Schulz 

13 \ttridge 

14 Muller 

]j Nnegeli 

1C Nacgeli 

17 Knox 

15 Fuld 

1'* Giuliani 

10 Martin 

11 Jonc' 
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48 
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F 
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F 
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Icterus 
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pale 

1912 

M 
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Newly born 
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infant 



imperforate anus 



1913 

F 

60 



1914 

F 

45 



1914 

F 

60 

Jaundice for 6 wks 

Jaundice, 

enlarged 

liver 

1918 



Symptoms of obstruc 
tion of common duct 


1920 

F 

28 

Died of pneumonia 



1921 

F 

34 

Gallstone colic, vomit 

Icterus, ten 




mg, icterus and clay 

demess in 




stools, in attacks 

right side of 




for 5 yrs 

hypochon 

dnum 

1921 

F 

65 

Gallstone colic radiat 

Icterus, ten 




mg to shoulder xom 

demess in 




iting and icterus for 

right side of 




SO yrs 

hypochon 

1922 

F 

1 

No symptoms from 

dnum 




biliary tract died of 
pneumonia and 
pleurltis 


1924 

M 

20 

Died of pulmonary 





tuberculosis 


1924 

P 

OJ 




1 Ao symptoms from 
biliary tract died of 
broncbopneumonia 


3 Nothing referable to 
biliary tract died 
after rectal operation 


Pathologic 

Observations 

No gallbladder or 
cystic duct, no 
gallbladder fissure 
No gallbladder, stone 
m common duct 

No gallbladder 
stones m hepatic 
and common ducts 
No gallbladder found, 
small dimple at 
edge of lixer rep 
resenting galiblad 
der fissure chronic 
pancreatitis and 
hepatitis 

No gallbladder, no 
cystic duct, no 
gallbladder fissure 
No gallbladder, 
cystic duct, gall 
bladder fossa or 
cystic artery com 
mon duct of nor 
mal caliber 
No gallbladder, com 
mon duct greatly 
dilated 

No gallbladder 
stones in hepatic 
and common ducts 
No cystic duct or 
gallbladder he 
patio and common 
ducts not dilated 
no quadrate lobe 
of liver 

No gallbladder 
stones in common 
duct 

No gallbladder or 
cystic duct 
No remnant of gall 
bladder, large 
stone in common 
duct 

No gallbladder 2 
stones m common 
duct 

No gallbladder, 
cystic duct or gall 
bladder fossa, com 
mon duct of nor 
mal size 

No gallbladder no 
gallbladder fossa 
considerable dilata 
tion of the com 
mon duct stone in 
right hepatic duct 
No gallbladder 
stones in common 
and hepatic ducts 


No gallbladder or 
gallbladder fissure, 
common and he 
patic ducts normal 
in size 

No gallbladder or 
gallbladder fossa, 
no quadrate lobe 

No gallbladder, com 
mon duct contained 
stones and was 
dilated 

No gaUbladder, 
slight groove pres 
ent, marking right 
border of quadrate 
lobe 

No gallbladder 



Table 5 — Data tn Cases of Abnormally Placed Gallbladders 


No 


of 


Case Author 

loar 

1 Ddve 

1903 

2 I/cmon 

1905 

8 Boughrnn 

1905 


i Vr alter and Ncl 1931 
man 


5 Stetten 1933 


1 Kehr 1902 

2 Di,ve 1903 

3 Walton 1902 

i Rchr 1913 


5 Virenque 1923 

6 Harns 1920 


7 Bolleston and 1929 
MeJsee 


Age, Ph} steal 

Sex Irs Symptoms Signs 

Intrahepatlc Gallbladders 


31 3>o simtomc ref 

crablc to blllari 
tract, Llllcd in 
mine explosion 


F 27 AttacLs of pain In Temp , 
right upper quad lOl 2 F 
rant and nausea 
occasional vomit 
log 


31 43 Attacks of cpi Tender 

gastric pain, ness in 

fever and tomit right 

lag for 12 irs , cubcos 

laundlce once tal area 


Left Sided Gallbladders 


F >othlng referable ^cwl 5 • 

to biliary tract born 

died after pro infant 

longed labor 


F 33 Colickv pain in 
right upper quad 
rant for 0 yrs 
radiating to back 
and loss of 

TVCight 


M 1 >0 symptoms ref 
Mo erable to biliary 
tract, died of 
bronchopneu 
monia 


Betrodisplacement of Gallbladder 


Pathologic Observations 


Gallbladder within sub 
stance of right lobe of 
liver 

Gallbladder entirely em 
bedded within substance 
of right lobe of liver 
3iormal sired gallbladder 
almost entirely embedded 
In hepatic substance 
cjstlc duct partially 
embedded in hepatic 
tissue 

l/lver incised and gall 
bladder found 2 stones 
removed, distance be 
tween surface of liver 
and gallbladder 3 to 4 
cm cjstlc duct in liver 
Gallbladder entirely sur 
rounded by hepatic sub 
stance, except for a 
small area on Its su 
perior aspect, stones in 
gallbladder 


Gallbladder under left he 
patic lobe and situated 
to left of ligamentum 
teres, cystic duct entered 
left hepatic duct 
Gallbladder to left of Iiga 
mentum teres, opening 
of cystic duct not 
recorded 

Cystic duct started up 
toward right, then turned 
to left, to enter gall 
bladder which was to 
left of ligamentum 
falciformo 

Gallbladder under left lobe 
of liver and to left of 
ligamentum teres stone 
in neck of gallbladder, 
opening of cystic 
duct (’) 

Gallbladder under left 
hepatic lobe 
Cystic duct started to 
right, then turned to left 
to join gallbladder 
bladder under falciform 
ligament with fundus to 
left of midline 
Gallbladder under left lobe 
of liver 


1 Ferguson 1901 M 45 Gallstone colic, 

jaundice and 
fever for 4 yrs 


2 Ferguson 1901 M 75 Gallstone colic 

with colitis for 
1 yr 


3 Mayo Eobson 


4 Baldwin 


5 Hofmann 1925 M 23 Colicky pain m 

region of gall 
bladder for 4 yrs 


Gallbladder not visible 
stones palpable in gall 
bladder gallbladder re 
troperitoneal, extending 
from vena cava upward, 
backward and outward 
Gallbladder not seen, felt 
on posterior edge of in 
ferlor surface of liver, 
behind peritoneum 
stones 

Gallbladder coursed down 
ward and backward on 
posterior inferior sur 
face of right hepatic 
lobe , ^ 

Practlcalfy no left lobe to 
liver gallbladder passed 
downward and back 
ward lying just to right 
of vertebral column 
Gallblader ran backward 
and downward toward 
kidney, lying In bed on 
undersurface of liver 
cholecystitis and stones 
in gallbladder 
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no evidence of an inflammatory process in the gallbladder One is 
especially convinced of the congenital origin of such a form when it 
occurs with associated atresia or malformation of the bile ducts Many 
cases of hour-glass gallbladder in the adult have been described aftei 
cholecystographic examinations, but such examples should not be accepted 
unless confirmed by operation, because adhesions or extiinsic masses 
pressing on the gallbladder may produce the picture of this deformity in 
the roentgenogram A phr)'’gian cap gallbladder has been frequently 
described as a congenital malfoimation, and many examples are recorded 
m which this has been found by roentgenographic study This pucker- 
ing over of the tip of the gallbladder is usually, if not always, an acquired 
characteristic A rudimentary gallbladder is occasional!)^ described 
When they occur in elderly subjects it is impossible to tell how much 
IS attnbutable to scar foimation There are, however, small ludimentar) 
gallbladders found in infants and m children which are little more than 
a nubbin and which undoubtedly represent a congenital hypoplasia 

Of interest to the surgeon, in spite of their apparent rarity, are those 
variations in the bile ducts in which accessory ducts enter the gallbladdei 
directly from the liver via the bed of the gallbladder Four examples 
of this may be cited Kehr described 2 cases, m each of which two 
large ducts directly entered the gallbladder on that side which lay against 
the liver Odermott described an additional case, in which a large acces- 
sory duct thus entered the gallbladder The same condition is probabl) 
represented in the case of Desgouttes and Ricard, in which an accessor) 
duct coursed from the liver directly over to the neck of the gallbladder 
These accessory ducts are persistent cysthepatic ducts which communicate 
between the gallbladder and the liver proper in embryonic stages It 
IS not impossible that many of these ducts have been overlooked and have 
been cut across in the course of operations on the biliary tract, and the 
severance of such ducts might well explain some of the leakage of bile 
which IS occasionally encountered from the bed of the gallbladder 

ANOMALOUS POSITIONS OF THE GALLBLADDER 

Abnormal sites of the gallbladder are rare, but at least four such 
locations should be considered because of the interest they have had 
for surgeons and the technical difficulties the) ha\e sometimes presented 
at operation (fig 7) 

Intiahepatic Gallbladdei — A gallbladder of this t^pe lies nholl) 
nithin the substance of the right lobe of the liver and is surrounded 
by hepatic tissue, so that at first sight the vesicle may be thought to be 
absent (fig 7 A) A small portion of the neck of the gallbladder ma^ 
le Msible, or a ^el^ small tip of the fundus may present as the gallbladder 
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on the under-surface of the left lobe of the liver (fig 7B) It was 
usually of essentially normal size, but in the first case of Kehr it was 
small The cystic duct of the gallbladder entered the left hepatic duct 
m 1 case, entered normally at the junction of the hepatic and the com- 
mon ducts m 3 cases and had an unrecorded exit m the othei 3 instances 
In all cases the gallbladdei lay to the left of the round and falciform 
ligaments, and where the latter ligament was very broad the gallbladder 
was hidden from the opeiator’s view through an ordinary incision m the 
right upper quadrant In none of the 7 cases was there any gallbladdei 
in the fossa under the right hepatic lobe 

A gallbladder can be developed to lie under the left lobe of the liver 
m one of two ways First, the ectopic gallbladder which had a noimal 
exit for Its cystic duct very likely arose as a normal embryologic bud 
from the hepatic diverticulum, but instead of assuming its normal posi- 
tion under the right lobe it migrated to a position under the left lobe 
It would therefore retain its normally implanted and attached cystic 
duct With the development of the peritoneum the gallbladder would 
be fixed m its position to the left of the falciform ligament Such an 
origin seems highly probable m cases such as those described by Walton 
and by Harris, in each of which the cystic duct arose fiom the junction 
of the hepatic and the common duct, was directed forward and to the 
right toward the normal fossa of the gallbladder and then took a sharp 
hairpin turn toward the left and passed behind the falciform ligament 
to communicate with the gallbladder on the left side A second wa\ 
m which a gallbladder on the left side may be explained is as an inde- 
pendent development of a second gallbladder directly from the left 
hepatic duct, accompanied by a failure of development of the normal 
structure on the right side This appears to have been the process in 
the first example recorded by Kehr 

Ret) odisplacement of the Gallbladde ) — ^This abnormalitj'’ is exem- 
plified by 5 reports The gallbladder is not found m its normal position 
but has a cystic duct arising in the usual fashion from the extrahepatic 
sj'stem The gallbladder does not normally course forward and down- 
ward on the under-surface of the liver but instead leads upward and 
backw^ard to gam the infenor and posterior portion of the liver (fig 7C) 
In ]\Iayo Robson’s case it w^as attached to the under-surface of the liver, 
but 111 Baldwin’s case it passed downw^ard and backw^ard and lay just 
to the right of the vertebral column In Ferguson’s first case the gall- 
bladder was not Msible, but it could be felt wnth a palpating hand as 
It lai retroperitoneally, extending along the lena cava in an upward, 
backward and outward direction In Ferguson’s second case the gall- 
bladder could not be seen, but it could be felt on the posterior edge 
of the under-surface of the In er and behind the peritoneum The diffi- 
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classification being based on the length of the fold and the amount of 
the gallbladder which is supported thereby In different series of inves- 
tigations the number of gallbladders possessing this supporting membrane 
has been listed as high as 4 to 5 per cent of dissecting room specimens 

It IS not difficult to foresee the clinical significance of this anomaly 
for an organ which is so fieely movable is apt to become twisted, and 
infarction will supervene from impairment of the blood supply in the 
small pedicle Cases of this sort have been frequently listed in the litera- 
ture, and 50 examples are listed m table 5 for summary and study All 
cases with a gallbladder “mesentery” are too numerous for listing , hence 
only those have been included in which there was torsion of the gall- 
bladder and operation or autopsy has been performed because of this 
condition 

The clinical symptoms of torsion of the gallbladder are strikingly 
similar from case to case and strongty suggest the proper diagnosis 
This torsion is most frequently seen in women in the upper age groups 
Of these 50 cases, 84 per cent were in women and 16 per cent were in 
men The average age of the patients was 59 years Of the 50 patients, 
8 per cent were m the age group between 50 and 60 years , 16 per cent 
in the age group between 60 and 70, and 34 per cent in the age group 
between 70 and 80 , 2 patients were over 80 

The patients are almost always thin, ptotic persons The symp- 
toms related to torsion of the gallbladder have an abrupt, rapid onset 
and continue with extreme seventy Intense and constant pain in the 
right upper quadrant ushers in the attack and is present during the 
entire length of the illness Pam is rarely described as being transmitted 
to the back or to the right shoulder Nausea and vomiting are always 
marked Collapse is frequently encountered The temperature, if at 
all elevated, is rarely over 100 F , but commonly the pulse rate is rapid 
and ranges between 100 and 120 or even as high as 150 The severity 
of the symptoms naturally predicates symptoms of short duration, and 
the history is rarely of more than from twenty-four to forty-eight hours’ 
standing Oddly enough, there is usually only one attack from this 
condition One would expect, with a freely movable organ, that there 
might be minor episodes of abdominal pain, vomiting, etc , from tem- 
porary twists of the vesicle, but such does not seem to be the case In 
only 5 cases was there any previous complaint which might have been 
attributable to torsion of the gallbladder and spontaneous relief In 

the majority of instances, then, the patient has only one attack of torsion 
of the organ 

Phjsical examination shows an elderly, thin patient, usually a woman 
Exhaustion is common Tenderness in the right upper quadrant and 
spasm are the rule The gallbladder is often palpable (54 per cent of 
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Table 5 — Data m Cases of Abnoimally Placed Gallbladders — Continued 


Xo 

of 

Case Author 

Tear 

Sex 

Irs Symptoms 

Physical 

Signs 

Pathologic Observations 

1 

Gay 

1902 

il 

Transversely Placed Gallbladders 

27 No symptoms ref 

Gallbladder (% normal 

2 

Deaver and 

1914 

il 

erable to biliary 
tract died of 
nephritis and 
endocardtiis 

3S Pam in area of 


size) in extreme right of 
transverse fissure of liver 
and almost surrounded 
by hepatic tissue 
Gallbladder deeply placed 


Ashhurst 



gallbladder with 
jaundice for 4 
yrs 


m horizontally trans 
verse position calculi m 
gallhladder, cystic duct 
and in common duct 


the cases) The twisted gallbladder is usually felt just below the 
edge of the liver, but because of its mobility it is sometimes felt in other 
parts of the abdomen, as in the right lower quadrant or in the umbilical 
region A temperature of over 100 F is rare, unless the gallbladder has 
ruptured and peritonitis has set in When the white blood cell count 
lias been listed, it has ranged up to 18,000 and 20,000 In cases uncom- 
plicated by peritonitis, the white blood cell count and the pulse rate are 
much higher than might be expected with the associated temperature 

At operation the gallbladder is found to be twisted on its pedicle 
in an arc varying from 90 to 1,080 degrees Torsion of from 180 to 360 
degrees is most often described With the twisting of the pedicle the 
cystic artery and vein are occluded or compressed, and infarction of 
the gallbladder results The wall of the gallbladder is therefore swollen, 
edematous, hemorrhagic and necrotic Hemorrhagic fluid is occasionally 
found within the peritoneal cavity, and fibrinous exudate is usually depos- 
ited on the surrounding structures The nature of the congenital anomaly 
rnakes surgical relief easily and quickly possible, for no dissection of 
the bed of the gallbladder is necessary Rapid placement of clamps and 
igatures on the vesicle stump and vessels is all that is required before 
tile gallbladder can be cut from its pedicle 

The operative results in this condition have been very promising Of 
he 4/ patients operated on, 70 per cent recovered and 15 per cent died * 
le outcome in the remaining cases is not stated These results are 
especiallj^ noteworthy in view of the age of these persons 

Tile occurrence of torsion of the gallbladder m elderly persons is 
peculiar in view of the fact that the gallbladder has been friely movable 
chinng the entire life of these patients The onset of torsion.p^lSly 

frtm'tl supporting fat has largely disappeared 

.«o viscera .„cl„d,„g ,hc fioatag gallbladder These 
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SUMMARY 

One hundred forty-seven cases of congenital anomalies of the gall- 
bladder are selected from the literature for review A case of double 
gallbladder is reported 

The presence of a double gallbladder has been recorded 28 times in 
man The accessory bladder may be contiguous to the normal organ, 
under the left lobe of the liver, partially within the substance of the 
liver or rarely along the gastrohepatic ligament 

A bilobed gallbladder has been occasionally described in man This 
may have the form of a single organ, divided by an internal central 
septum, or more often has a V shape (with the two cavities joined only 
at their junction with the cystic duct) 

A diverticulum of the gallbladder may occur along the free surface 
of the organ from the neck to the fundus, and in 1 instance a diverticu- 
lum was described on the hepatic side of the gallbladder 

Thirty-eight cases of absence of the gallbladder are listed in which 
there was no other anomaly of the liver or biliary system (Approxi- 
mately 35 other cases of absence of the gallbladder have been recorded 
in which there was associated congenital atresia of the extrahepatic 
ducts ) 

A normally formed gallbladder has been found in the following 
anomalous positions within the substance of the liver, under the left 
lobe of the liver, posteriorly under the inferior aspect of the right hepatic 
lobe and horizontally in the transverse fissure of the liver 

A “floating gallbladder,” because of its supension by a “mesentery,” 
IS likely to become twisted and mfarcted The resultant gangrene of the 
gallbladder is productive of severe clinical symptoms and necessitates 
immediate operation Surgical removal of the organ leads to recovery 
in most instances if operation is performed before peritonitis supervenes 
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rately in the first case 1 he kidney was enlarged, soft and definitely hydro- 
nephrotic, and the pelvis was dilated The ureter was dilated throughout 
Within lJ /2 inch (3 5 cm ) of the lower end of the ureter there was 
a sausage-shaped swelling which measuied approximately 2 inches 
(5 cm ) in length, and % inch (2 cm ) m diameter, it was raoderatel} 
firm, and the bulk of this mass could be moved inside the ureter The 
ureter was opened from end to end and revealed a villous tumor prac- 
tically occluding the lumen In the second case nephro-ureterectoin} 
was performed also The distal 5 cm of meter was dilated to 1 5 cm 
in diameter This portion was film, and there was apparentl} a tumor 
either within the lumen or within the walls of the ureter The upper 
extremity of this dilated portion uas 8 cm from the kidney, a grayish- 
red, papillomatous-appearing growth 3 cm long and 1 cm in diameter, 
of the shape of a date stone, was found, it was growing from a narrow 
pedicle attached to the wall of the inetei at the upper extremity of the 
growth, hanging dowmward m the lumen of the ureter In the third 
case, a fusiform enlargement w'as found in the low^er portion of the 
ureter, extending dowm to the junction of the uieter and the las deferens 
Beyond this point the uieter lessened m size until it became of normal 
caliber The lower end w^as ligated and seveied at its entrance to the 
bladder The upper end was ligated at the highest point possible and 
cut across The intervening portion of ureter w'as removed This 
tumor was shown by microscopic section to be a primary papillar\ car- 
cinoma of the ureter 

Primary tumors of the ureter are rare Although secondary exten- 
sions fiom papillary carcinomas of the renal pelvis aie common, only 
61 cases of primary carcinoma have been reported 

Ravich described a case of neurofibroma of the left ureter m a 
man aged 50, whose chief complaint w'-as pain in the left lumbar region, 
with extension to the genital legion Examination gave evidence of 
obstruction of the left ureter in its uppei third, wnth advanced h}dro- 
nephrosis and a periureteral mass demonstrable by roentgenograms A 
diagnosis was made of ureteral tumoi, and at operation a mass w^as 
found surrounding and obstructing the ureter in its uppei third Sec- 
tion proved it to be a neurofibroma Nephio-ureteiectomy resulted m 
cure, for the patient was living and w'ell at the time of the report, four 
years after operation 

Although neurofibromas have been reported as occuning in almost 
every other organ of the body, the aforementioned report is the first 
one of neurofibroma involving the ureter 

37 Ravich, A Neurofibroma of the Ureter Report of a Case with Operation 
and Recovery, Arch Surg 30 442 (March) 1935 
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tomy The chief complication is sloughing of the ureter The mortality 
IS less than with ui etero-entei ostomy Uretero-enterostomy is especially 
suitable in case of exstrophy and vesicovaginal fistula It is less suitable 
in cases of cancer of the bladder, largely because of the lowered resis- 
tance of the patient and the likelihood of dilatation of the ureter and 
pre-existing urinary infection The late results of uretero-enterostomy 
are still sub judice This phase of the subject has not been thoroughly 
studied, but a number of cases have been reported in which renal calculi 
and pyelonephritis have developed 

In]wies — In the treatment of operative injuries of the ureter the 
problem vanes with the time since the injury, the distance of the injured 
portion from the bladdei, the involvement — whether of one or both 
ureters, and the t\'pe of injurj , that is, whether the ureter is completely 
severed, completely seveied with removal of a segment, partiall}’^ seveied, 
ligated or whethei it has been clamped 

When confronted by this accident man\ surgeons ligate the proximal 
end of the severed uietei This practice is to be severe!} condemned 
when circumstances are favorable for repair Its late results are a func- 
tionless kidney oi hydi onephrosis , its immediate complications maj be 
urinary leakage and extravasation, peiitonitis, urinary fistula or renal 
infection necessitating fuither surgical inteivention 

Sisk has used a simple method of immediate lepair which was 
independently described by Young A ureteral catheter as large as will 
freely move through the ureter without interfering with the circulation 
IS introduced into the ureter and passed into the renal pelvis Introduc- 
tion may be made through a C}stoscope, or the catheter may be passed 
each way fiom the point of injury, the lowei end being brought out 
through the urethra later on Ovei this catheter, end-to-end anastomosis 
IS made with fine catgut, the sutures being passed through the serous 
and muscular layeis With satisfactory drainage the catheter may be 
left in place for many days to prevent contraction of the lumen during 
healing 

Exceptions are to be made (1) when the injury is sufficiently low 
to permit reimplantation into the bladder, which is preferable, or (2) 
when a segment of sufficient length to cause tension has been removed 
If there is tension satisfactory healing will not occur, and implantation 
into the bowel is the opei ation of choice 

In cases of old injuries complete studies are necessary to determine 
the advisability of plastic repair, of implantation into the bladder or 
bowel, of nephrostomy or of nephrectomy 

41 Sisk, I R Operative Injuries of the Ureter, Surg , Gynec &. Obst 60 
857 (April) 1935 
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Chemicals producing tumor are encountered m the intermediate stage 
of manufacture Careful analysis indicated that beta naphthylamine, 
benzidine and alpha naphthylamine are the causative materials In 
repeated examinations of a group of patients exposed to aniline only 
over a period of eighteen years there was no incidence of tumor, this 
makes it seem possible that aniline is at least a questionable factor The 
period of exposure varied from five to twenty-three years, the average 
being eleven years German observers have reported 1 case m which the 
tumor appeared after as short a period of exposure as two years , there 
was no evidence m this instance, howerer, to indicate that the patient 
had a normal bladder when he began to work Avith the chemicals Age 
does not seem to bear an}'’ direct relationship to incidence In this group 
1 patient was 24 yeais of age, 9 were from 30 to 40, 13 were from 40 
to 50, and 12 were from 50 to 60 years old 

Absorption takes place by the respirator}, gastro-intestinal and cuta- 
neous routes The most important route is the respiratory one, but it 
should be borne m mind that cutaneous absorption of intermediates can, 
under conditions of careless handling, become the most significant portal 
of entry 

Gehrmann stated that to pre\ent the disease the manufacture of dye 
intermediates must be conducted in such a manner as absolutely to 
exclude dust, fumes and contact of offending substances with the skin 
This means that there must be an entirel} closed process for the manu- 
facture of alpha and beta naphthylamine, benzidine and aniline Tumors 
classified as of grade 1 malignancy, which are small and easily accessible, 
are treated by bipolar fulguration through the cystoscope Large tumors 
of grade 1 are treated by open operation Tumors of grade 2 malig- 
nancy, which are reasonably small and easily accessible, are treated 
through the cystoscope by fulguration Open operation should be per- 
formed m cases of large and inaccessible tumor Open operation and 
implantation of radon seeds is the method to be used in treatment of 
all tumors of grade 3 oi 4 malignancy 

Pfahler and Vastine stated that tumors of the bladder varying 
from 1 cm in diameter to a large size can be demonstrated clearly by 
means of pneumocystograms Progressive enlargement or progressive 
reduction in size of this lesion can be shown and recorded photographic- 
ally The method of examination is comparatively painless and harmless 
During treatment by high voltage roentgen therapy the progressive 
disappearance of the tumor may be recorded serially from time to time 

45 Pfahler, G E, and Vastine, J H The Roentgen Diagnosis and Treat- 
ment of Tumors of the Bladder Their Serial Study with Pneumocystograms, 
Showing Results of Treatment by Irradiation, J A. M A 104 609 (Feb 23) 
1935 
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URETER 

Titnioi — j\Iathe and De La Pena stated that early diagnosis of 
primary carcinoma of the ureter affords the only opportunity of cure 
by early surgical removal The possibility of this lesion should be con- 
sidered in patients who have the general symptoms of cancer, who 
present the triad of hematuria, lumbar pain and tumefaction of the 
kidney, m ■whom obstruction of the ureter is encountered and in whom 
the possibility of the presence of stone, stricture of the ureter and tumor 
of the kidney can be definitely eliminated Salient points m establishing 
a positive diagnosis are the presence of a tumor projecting from the 
orifice of the ureter or in the adjacent mucosa, an impassible obstruction 
in the ureter, modification of the ureteral spurt, nonperistaltic hematuria 
resulting from attempts to pass with a catheter, and a filling defect of 
the ui eter, as revealed by urogram, with hydro-ureter and hydronephrosis 
above the point of pressure The treatment of choice is complete nepliro- 
ureterectomy, when feasible, including removal of the intramural portion 
of the ureter in one operation 

Hunter reported 2 cases of primary carcinoma and 1 of benign 
jiapilloma of the ureter The kidney and ureter were removed sepa- 

35 Mathe, C P , and De La Pena, Eirnlio Primarj^ Carcinoma of the Ureter, 
California SL West Med 42 357 (May) 1935 

36 Hunter, A W Primary Tumor of the Ureter End Results in Three 
Cases, J Urol 33 443 (May) 1935 
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ation on the prostate gland It occurs more frequently after perineal than 
after suprapubic prostatectomy, or resection of the prostate gland Devel- 
opment of this condition following prostatectomy is attributable to total 
destruction of derangement of both the internal and the external sphinc- 
ter of the bladder In cases of complete or partial incontinence follow- 
ing this operation, various anatomic defects or pathologic lesions about 
the posterior urethra and neck of the bladder may be associated with 
loss of function of both sphincters 

Satisfactory results have been obtained in treatment of this con- 
dition, in female and in male patients, by transplantation of the gracilis 
muscle In the 2 cases of complete incontinence of urine following 
perineal prostatectomy reported by Abeshouse, the operative technic 
employed was originally described by Player and Callander In one 
instance complete control of urine during the day and the night was 
restored In the other case complete control of urine was restored 
during the night and in the reclining posture, but there was partial 
diurnal incontinence when the patient assumed the upright position and 
after excessive muscular effort It is important and necessary that the 
urine be diverted from the field of operation Drainage of urine through 
an indwelling urethral catheter may suffice m certain types of inconti- 
nence of female patients, who are treated by extravesical plastic opera- 
tions on the sphincters of the bladder and urethra or by transplantation 
of a voluntary muscle or fascia However, this type of drainage is 
usually inadequate and inefficient in similar cases of incontinence of 
male patients Drainage of urine by means of suprapubic cystotomy, 
performed preferably several days previous to transplantation of the 
muscle, has the advantages of permitting excoriation of the skin about 
the external genitalia to clear up, minimizing the subsequent influence 
of such cutaneous lesions on development of an infection in the region 
of the operation, keeping the operative field dry during and after trans- 
plantation of the muscle and facilitating primary healing by eliminating 
the irritative and infectious tendency of an indwelling urethral catheter 
Demmg stated that the fact that 9 cases of simple transplantation 
of the gracilis muscle have been reported by six different surgeons, with 
good results in 8 and no deaths, indicates that this plastic procedure has 
definite merit The 1 failure was attnbutable to incorrect application 
of the procedure and not to the operation itself The indications for use 
of the method may be considered to be present when the sphincters of 
the bladder are absent or vary from normal and there is a good detrusor 
urinae muscle of the bladder It should not be used when the detrusor 

49 Demmg, C L , m discussion on Watson, E M Complete Rupture of the 
Urethra, J Urol 33 73 (Jan) 1935 
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Sfoiic — Foley®® stated that the management of stone of the ureter 
by expectancy and manipulation has been employed too extensively The 
moibidity, moitality and hardships are underestimated, and the jUst 
purpose of such methods is often subordinated to zeal for then use 
They are conservative only when they seive the patient’s welfare 

Lumbal ureterotomy should always be of more minor chaiacter 
than pelvic ureterotomy This fact is not propeily recognized It should 
alwajs be taken into account in determining between expectancy and 
manipulation on the one hand and open operation on the other Lumbar 
ureterotomy as usually described and observed, is a major operation 
and does not propeily take advantage of anatomy, toward the ends of 
simphcit}^ accuracy and minimal tiauma The improved methods for 
this procedure, however, take advantage of anatomy toward these ends, 
and this greatl}'^ minimizes the operation A lumbar stone of the ureter, 
5 mm 01 more in diametei, should be lemoved immediately by lumbar 
ureterotomy Only minute stones should be allowed to pass into the 
pelvic ureter foi spontaneous passage or manipulative removal 

Engel stated that the multiphcit)' of methods advocated for manipu- 
lative removal of stones of the ureter is proof of the inadequacy of 
any one procedure He has emplojed multiple catheters, the spiral stone 
extractor and dilation of the uretei below the stone with bougies and 
has been impressed with the infrequency with wdiich the stones have 
been satisfactorily removed by these means In his experience manipu- 
lative procedures often cause sharp leactions associated with chills, fever 
and rather marked prostration Manipulation may traumatize the ureter 
and mucosa of the ureter sufficiently to produce stricture Additional 
disadvantages are the prolonged period that is usually necessary to secure 
passage of the stone, during wffiich time the patient is in fear of recurrent 
colic, and the period of morbidit}^ is increased by the manipulative pro- 
cedures Open operation is often necessary after the patient has been 
exhausted by the preliminary procedures Open operation for removal 
of stones in the ureter has been favored by Engel in the majority of 
instances The situation of the calculus is important and should be 
considered wdien the decision as to treatment is made 

Tj ansplantation — Smith stated that diversion of the urinary stream 
is indicated in exstrophy of the bladder, m cases of intractable submucous 
c) stitis, in certain cases of vesicovaginal fistula, in a few cases of tuber- 
culosis of the bladder, and in selected cases of carcinoma of the bladder 
Ureterostomy is particularly suitable m conjunction with total cystec- 

38 Foley, FEB Management of Ureteral Stone Operation Versus 
Expectancy and Manipulation, JAMA 104 1314 (April 13) 1935 

39 Engel, W J , in discussion on Foley 

40 Smith, G G Dnersion of the Urinary Stream, J Urol 33 179 (Feb) 
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part could be injured only in the event of forcing the outer end of the 
instrument up towaid it, which is well-nigh impossible because the sur- 
geon could not depress the hand holding the instrument far enough 
toward the abdominal cavity 

This method of drainage has been of great help in numerous cases, 
and if there is no longer need for draining, the tube can be taken out 
The channel of from 3 to 4 mm diameter left by it contracts entirelj 
within a few days and closes uuthout leaving the slightest tract 

Use of CafJiefei — Wesson stated that an overdistended bladder, 
m which there is no obstiuction, will ne\er teai without external vio- 
lence , hence, there is no danger of a cord bladdei rupturing spontaneoulj 
With a small quantity of morphine, and patience, the bladder will o\er- 
flow and become automatic within ninety-six hours Wesson cited 22 
cases ^\hlch illustrate the increased morbidity and financial cost resulting 
when the problem is complicated b\ infection from the use of a catheter 
He does not consider it advisable to conveit a tjpical neurosurgical 
case into a urologic one b}' the routine use of a catheter 

VESICOVAGIXAL TISTULA 

Kirwin and Lowsley reported a study of treatment in 60 cases 
of vesicovaginal fistula as seen at the New Yoik Hospital betiveen 1844 
and 1933 and concluded that this lesion is one of the most difficult to 
cure known to surgery The first satisfactoiy technic was devised by 
Marion Sims in 1852, and that pioceduie, with slight modification to 
take advantage of ceitain new methods, is applicable at piesent 

Kirwm and Low^sley repoited the case of a patient treated at the 
Brady Foundation for Uiology of the New' York Hospital, the sixtv- 
first in a senes from that hospital The fistula was complicated b\ 
complete e\ersion of the bladder into the vagina, so that the everted 
bladder protruded at the vuh a The condition w'as treated m twm stages 
The features of the technic to be emphasized are the excision of all 
devitalized tissue, the bladder being incised almost to the edge of the 
fistula, the silvei wuie sutures used w'ere similar to those used bj Sims 
eighty j'^ears ago, and the supiapubic counteidiainage, wuth suction, pei- 
mitted healing of the freshened edges of the fistula, wdiich were uncon- 
taminated b)' contact wuth urine 

51 Wesson, M B Is the Use of a Catheter Ever Justified in Fractures of 
the Spine ^ Urol & Cutan Rev 38 572 (Aug) 1934 

52 Kirwin, T J, and Lowsle}', O S Radical Relief of Vesico-Vaginal Fis- 
tula Report of an Unusual Case of EAersion of the Bladder Through the Fis- 
tulous Opening, and a Review of Sixty Cases Seen at New York Hospital During 
the Past Ninety Years, J Urol 33 51 (Jan ) 1935 
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Sisk reported 5 cases of operative injury of the ureter , in the first 
of these the operative repair described was successful, as was proved 
by re-examination five jeais aftei the injury 

Follow-up studies aie necessai}, for absence of symptoms is no 
criterion of a satisfactory result 

Physiology —Od^eihlad, Cailson and Simon studied the eftect of 
morphine on the intact ureters of 24 patients They made hydiophoro- 
graphic tracings by Trattnei’s method, and some of the patients were 
subjected to roentgen examination Moiphine given subcutaneously m 
the usual clinical doses was found to increase markedly ureteral tone 
and the amplitude of the contractions , the larger the dose, the greater 
the effect The effect is produced by morphine in fiom two to five 
minutes and peisists foi at least thiee hours and probably longer Atro- 
pine in doses of %oo gram (00006 Gm ) invaiiably eliminates the con- 
tractions of the ureter that is stimulated by moiphme with a consequent 
loss of tone but does not act stiikmgl} or constantly when given alone 
The belief that morphine quiets the ureter is incoirect, instead it acts 
as a stimulant 

Coinpi esswn — Baker and Lewis compared the urogiaphic outlines 
as obtained for pregnant women and foi patients with tumoi of the 
pelvis They found a high degiee of dilatation of the upper part of 
the urinary tract in pregnant women, in patients with large ovanan cysts 
and in patients with fibromas of the uteius Dilatation of the right 
ureter and pelvis was much greatei and moie common than dilatation 
on the left side The investigators are of the belief that the cause ot 
dilatation is mechanical pressure and that the reason dilatation m the left 
tract IS not as great as in the right is that the sigmoid acts as a cushion 
to protect the left ureter from diiect pressuie The sigmoid causes 
torsion of the uterus with resultant increased pressure on the right ureter 


BLADDER 

Cm cinoma — Gehrmann ** stated that the tumor of the bladder result- 
ing from the handling of aniline is an entirely new occupational disease 
in this country , the first cases appeared in 1931 The patients who were 
examined had been engaged m the manufacture of dye intermediates 
There was a total of 49 tumors — 35 papillomas and 14 carcinomas The 
incidence of tumor of the bladder was 4 1 pei cent in the group of 
patients examined 


42 Ockerblad, N F , Carlson, H E , and Simon, J F The Effect of Mor- 
phine upon the Human Ureter, J Urol 33 356 (April) 1935 

43 Baker, E C , and Lewis, J S , Jr Comparison of the Urinar 5 Tract in 
Pregnancy and Pelvic Tumors, J A M A 104 812 (March 9) 1935 

44 Gehrmann, G H Papilloma and Carcinoma of the Bladder Among Dye 
Workers, Surg , Gynec & Obst 60a 555 (Feb ) 1935 
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Caicinoim — Baninger stated that a comprehensive review of car- 
cinoma of the prostate gland is most confusing and that it is practically 
a fatal disease In 351 consecutive cases there were but 16 (4 5 per 
cent) carcinomas which might be called reasonably small that were con- 
fined to the region of the piostate gland and to the periprostatic region 
Twenty-six (7 4 per cent) of the carcinomas were classified as of medium 
size, that is, reaching well be)ond the prostate gland proper, but not 
too large and entiiely within leach of the examining finger In the 
lemaining 309 cases (88 pei cent) the caicinomas weie extensive, that 
IS, the tumor itself was laige ot , if the tumor was not large, the extensions 
around the seminal vesicles or to the lateral pelvic walls were definite, 
the bladder was secondanh involved, the tumor arose postoperatively 
or metastasis to bone or other sti uctui es was pi esent However, accord- 
ing to Baiiingei, there are some ia 3 's of hope, 29 (little more than 8 per 
cent) of his patients weie well foi periods \arying between three years 
and seventeen yeais and ten months The prostatic condition was such 
as to make one believe that the carcinoma was controlled Nine patients 
went fiom thiee to five years without lecurrence, 16 had no recurrence 
m fiom five to ten }ears, and 4 weie \\ell for more than ten j^ears Time 
alone will pro\e whethei all these patients aie cured Transurethral 
lesection of the prostate gland has made a great advance in coping with 
urinary letention, while inadiation, by radium, of the prostate gland 
has developed and become sufficiently accurate to enable one to irradiate 
a prostate gland without severe pain to the patient External irradiation 
in sufficient quantit}' to be of any' use has been employ'ed only' in the 
last few y'ears Cases of prostatic carcinoma are divided, for purposes 
of treatment, into classes In the first class are those in which there is a 
reasonably' small caicinoma of the posterioi lobe with, as far as can be 
determined, no involvement of the other lobes and no urinaiy' retention 
The patients should receive irradiation by gold-sci eened needles inserted 
through the peiineum into the piostate gland They' should, in addition 
receive external iriadiation The two courses of irradiation are given 
as nearly simultaneously as possible In the second class are cases iii 
which urinary retention is the dominant symptom and in which there 
IS invoh'ement of the so-called median oi of the lateral lobes In these 
cases a suprapubic opening should be made, all obstructing portions of 
the prostate gland being cut out with electric cautery and gold seeds 
being implanted into the entire cancerous region, m exactly' the same 
manner as gold seeds aie implanted in vesical carcinomas When the 
suprapubic wound heals the posterior lobe has to be carefully' watched 
by means of palpation and possibly biopsy' of aspirated material If any 


54 Barringer, B S Prostatic Carcinoma, J Urol 33 616 (June) 1935 
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Barunger^® stated that up to a 3 eai ago theie were two methods 
of treatment of cancer of the bladder One was removal by operation 
the other was application of ladium supi apubicall) or thiough the cysto- 
scope Barringer favois tieatment with ladium It can be used in cases 
of inoperable tumor -w ith some degiee of success There are some tumors 
of grade 4 malignancy that are not satisfactorily attacked by either 
operation or radium therapy Barringer has had only 1 patient with 
a tumor of grade 4 malignancy who remained well for eight years after 
treatment Tumors of this grade should be iriadiated externally before 
anything is done, after the specimen and the cystogram have been exam- 
ined If desired results are not obtained by external irradiation this 
should be supplemented by some form of internal iriadiation It is 
Barringer’s belief that extensive tumois of grade 3 malignancy, difficult 
to remove or to irradiate, should be attacked b}'' prehminar}’^ external 
irradiation That method should be employed m the future, and, with 
careful apfihcation of external irradiation, it should add 5 per cent to 
the number of five-} ear cures 

Ferguson'*' leported that in 159 of 902 cases enteied in the Bladder 
Tumor Registry, pneumoc} stograms were made The procedure was 
said to be of value in the diagnosis of the lesion in 108 of these cases 
A roentgen technic, favored in the treatment of carcinoma of the bladder, 
is the method of divided doses Carcinoma of the bladder does not 
usually yield to a tissue dose of less than eight or ten er}ffiiema doses 
If any such dose is to be delivered b} external means of irradiation it 
must be by the technic of divided doses This has been done successful!} 
within the last eighteen months by Dean The most satisfactory results 
seem to be obtained when it is known in advance that the mahgnanc\ 
of the tumor is either of grade 3 or grade 4 Caicinomas of giade 1 
and grade 2, especially those that contain squamous pearls, are radio- 
resistant and do not yield to the aA'erage dose that can be delivered into 
the bladder in this manner 

Ferguson advocated ascertaining the possibilities of roentgen treat- 
ment of carcinoma of the bladder, making a biopsy in every instance, 
utilizing the Coutard technic or some modification of it m delnenng 
tissue doses adequate to carcinomas of grades 3 and 4 and avoiding treat- 
ment by this method of tumors of grade 1 or 2 

Vunaiy — Abeshouse « stated that incontinence of 

urine is an u ncommon, although not an infrequent, complication of oper- 


613''(Feb"3Tl935 ^ Vastine,« JAMA 104 

47 Ferguson, R S , m discussion on Pfahler and A^astine 
tomv ^ S Repair of Urinary Incontinence Following Prostatec- 
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Rich reported that in 292 consecutive postmortem examinations 
of men aged 50 or over who died of a wide A^ariety of causes at the 
Johns Hopkins Hospital during the past three yeais, frank carcinoma 
of the prostate gland Avas obserA'ed in 41 cases (14 per cent) in the 
microscopic section taken as a routine at neciopsy Thorough exami- 
nation of each gland undoubtedl}' Avould haAC disclosed a larger number 
of these tumors, many of AA'hich AA^eie so small that they Avere not seen 
macroscopically at necrops}' The report indicates, hoAvever, that car- 
cinoma of the prostate gland occuis more frequently than is ordinarily 
supposed In 65 8 per cent of these 41 cases the tumor Avas not recog- 
nized clinically, having been in most instances too small to have pro- 
duced symptoms or to have attracted attention on physical examination 
The most common site of the tumors Avas near the outer margins of 
the gland, and, eA’^en Avhen they Avere only a few millimeters m size the 
tumors shoAved a tendency to inA'ade the capsule 

Moore reported prehminar}'' conclusions concerning unrecognized 
carcinoma in 375 prostate glands and discussed the morphologj’^ in 52 
cases of this disease The clinical diagnosis Avas not made in all instances , 
There was no distant metastasis, and the disease AA^as limited to one ana- 
tomic lobe of the gland In the material on incidence an additional 11 
cases of manifest carcinoma of the prostate gland are included, making 
a total of 63 cases of carcinoma occurring in the 375 prostate glands 
Moore’s conclusions Avere that carcinoma of the prostate gland occurs 
more frequently Avith increasing age until 29 per cent of men Avho are 
examined at necrops}^ after having lived into the ninth decade have the 
lesion The disease is intimately associated AAUth senile atrophy, and the 
groAvth probably results from epithelial cells AAhich haA-e preAuously 
undergone atrophy It is predominantly a lesion of the posterior lobe 
of the gland, but it may arise m any portion of it Carcinoma and benign 
enlargement of the prostate gland are tAvo distinct diseases aaIucIi occui 
independently Malignant degeneration rarely occurs m acini already 
hyperplastic and invoU^ed m benign enlargement Perineural lymphatic 
invasion in the capsule of the prostate gland is one of the earliest 
changes in carcinoma, but inA^asion of the seminal vesicles and distant 
l}Tnphatic inA^asion are late manifestations 

Physiology — Deming, Jenkins and A^an Wagenen stated that 
atrophy of the true prostate gland has been demonstrated after castra- 

56 Rich, A R On the Frequency of Occurrence of Occult Carcinoma of the 
Prostate, J Urol 33 215 (March) 1935 

57 Moore, R A The Morphology of Small Prostatic Carcinoma, J Urol 
33 224 (March) 1935 

58 Demmg, C L , Jenkins, R H, and van Wagenen, Gertrude Some Endo 
crmological Relationships of Prostatic Hypertrophy Clinical and Experimenta 
Studies, Preliminary Report, J Urol 33 388 (April) 1935 
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unnae muscle is atonic or when lesions of the spinal cord, either con- 
genital or acquired, render the musculature of the bladder inactive 
Other muscles, such as the pyramidalis muscle, levator am muscle and 
abductor longus muscle have been used for sphincteric action, but they 
are not as satisfactory for transplantation as the gracilis muscle Dis- 
pensing with the normal use of this muscle is not a detriment to the 
patient The muscle has a long, slim belly and is readily approached 
It has a double supply of nerves and blood Its upper two-thirds is 
supplied by the obturator nerve, which comes from the direction of the 
origin of the muscle and lies m the direction of the desired transplanta- 
tion, so that It can be turned upward without injury to the nerve and 
blood vessels The sex of the patient is not important except that there 
IS more difficulty m exposing the urethra of the male Tunnelling of 
the tissues for a few centimeters near the urethra is preferable to com- 
plete incision Either the right Or left muscle may be used, however. 
It seems that a right-handed person probably would be more conscious 
of the use of the right gracilis muscle, and adaptation of the new use 
of the muscle would be accelerated 

Pei weal Diamage — Illyes uses perineal drainage after lesection 
of the bladder, diverticulectomy, ureteral implantation or any operation 
on the bladder m which perivesical leakage or infection is likely to occur 
This does not include transvesical prostatectomy, in which procedure, 
after the enucleation, Illyes swabs the prostatic cavity with 30 per cent 
solution of silver nitrate and then packs it 

A blunt forceps is pushed under the symphysis pubis, to either side 
of the midline, penetrates the tnangulai ligament and emerges in the 
anterior triangle of the perineum The drainage tube is drawn upward 
into the pelvis This is done m both male and female patients, and with 
care injury to important structures can be avoided 

Holding upward the concave side of the slightly bent blunt forceps, 
the surgeon feels the lower part of the symphysis pubis and perforates 
the pelvic fascia inch (3 cm ) from the midline, near the lower edge 
of the pubic bone He presses down the inner end of the instrument 
toward the abdominal cavity in order that this end may remain in a 
straight line as much as possible, directly under the pubic bone Thus 
he avoids injuring the urethra as well as the pudendal artery and nerve 
At the shaip angled union of the two sides of the pubic bone under 
the symphysis pubis and the hgamentum arcuatum, respectively, he finds 
the lamina intercruralis connecting the two sides of the acute angle, 
m which ar e arteries and veins running to the corpus cavernosum This 

, J,” Bnl J 
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but in further advanced conditions metastasis was widespread There 
was an average delay of fouiteen months between the onset of symp- 
toms and the first visit to a physician In addition, there was an average 
delay of twelve months betw'een the fiist visit to a physician and the first 
examination at the Memoiial Hospital for the Treatment of Cancer and 
Allied Diseases, making the average total delay more than two years 

Because there are several lesions which may resemble cancer of 
the penis the diagnosis should ahva3's be based on histologic examina- 
tion Seventy-six pei cent of the patients had regional adenopathy at 
the first examination , of the in\olved glands 50 per cent were cancerous 
Biopsy of aspiiated material was performed as a check on physical 
examinations Tw'enty-four per cent of the patients did not have 
inguinal adenopathy at their first examination Since metastasis did not 
develop subsequently in any of these cases management of the primary 
tumors must have been efficient 

The prophylactic treatment of cancel of the penis consists in cir- 
cumcising all male infants a few' da^'s after birth When the primary 
tumor w'as superficial and no larger than 2 cm in diameter treatment 
with the radon plaque w'as successful in all cases When the primary 
lesion W'as larger and had penetrated deeper, amputation w'as performed 
1 5 cm pioximal to any visible or palpable evidence of degeneration 
Of 51 patients, 64 6 pei cent treated by the aforementioned methods 
are free from disease Forty patients w'lth inguinal metastasis were 
treated by surgical removal w'lth or Avithout irradiation Five per cent 
are noAV fiee from evidence of cancer It is recommended that opera- 
tion for inguinal metastasis be delayed until the primary tumor has been 
remoA'ed and infection in the nodes has subsided No type of external 
irradiation used by Dean Avas of A'alue in treating inguinal metastasis 
from cancer of the penis 

Wolbaist®^ stated that theie is no authentic recorded case of cancer 
of the penis in a Jew iitually circumcised in early infancy Almost eveiy 
Avriter on the subject has made the same comment, but the importance 
of this fact IS in making it a convincing argument as to the prophy- 
lactic A'alue of ciicumcision in the campaign against cancel of the penis 
and cancer generally There is still considerable opposition to infantile 
circumcision by otherwise progressiA'e physicians , they seem to prefer 
to Avait until an existing phimosis becomes troublesome before consider- 
ing circumcision, and by that time the precancerous lesion may be, and 
often IS, already present To be effective completely as a prophylactic 
measure against cancer, circumcision must be performed m early infancy 
The point is often made that the freedom of JeAVS and Mohammedans 
from cancer of the penis is attributable to racial immunity, but the 

Wolbarst, A L , m discussion on Dean bo 
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PROSTATE GLAND 

Obstuictwn —Thompson reported that 630 patients with obstruc- 
tion by the prostate gland weie treated by the transurethial method at 
the Mayo Clinic m 1934 This is an increase of 39 6 per cent over the 
number of patients haiing the same operation in the preceding yeai 
Included in these 630 cases, in which a total of 696 transurethral resec- 
tions of the prostate gland were performed, are 23 m which the patients 
had submitted to the same operation at the Mayo Clinic m former years 
In 5 of these cases the original growth was malignant, and recurrence 
could be expected In the other 18 cases, m which recurrence was not 
expected, it was necessary to remove 8 2 Gm of tissue, on the average, 
111 order to relieve the symptoms, in 7 of these cases the total weight 
of the tissue lemoved at both operations exceeded 25 Gm These patients, 
on their leturn, lefused to undergo any procedure other tlian tians- 
urethral resection Because of the increased iisk and longer hospitali- 
zation, prostatectomy was not urged In each case of lecunence the 
stay in the hospital requiied for resection of the gland was less than 
a week, and there were no fatal cases 

The average weight oh tissue removed pei case during the year was 
116 Gm , in 73 cases the amount exceeded 25 Gm The average period 
of hospitalization was shorter than in former years , 58 1 per cent of 
the patients stayed one week or less, an additional 28 9 per cent left m 
the second week, and only 13 per cent remained longer The average 
period of hospitalization was eight and one-tenth days The period of 
hospitalization for the group as a whole was shortened by reduction in 
the number of cases m which pieliminary suprapubic cystostomy was 
perfoimed, in 21 cases such an operation was performed at the clinic, 
and in 12 cases cystostomy had been performed elsewhere Thus, in a 
total of 5 2 per cent of the group, as compared with 12 2 per cent m 
the two preceding years, preliminary suprapubic cystostomy was 
performed 

The painful complication of epididymitis has been almost entirely 
eliminated by strict attention to methods of drainage by urethral catheter 
lather than by routine vasectomy The lattei operation was performed 
m only 246 pei cent of the cases Epididymitis occurred m onlj^ 8 of 
the 630 cases studied in 1934 — an incidence of 1 3 per cent Litholapaxy 
was perfoimed at the same time as resection in 28 cases, and in 7 others 
a tumor of the bladder was removed transurethrally at the time resection 

of the prostate gland was performed Theie weie only 2 deaths a 

inoitahty late of 0 3 per cent for the series of 630 cases 

S3 Thompson, G J Transurethral Surgery m 1934, Proc Staff Meet 
Majo Chn 10 220 (April 3) 1935 
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meatus, and to the evtcnt that this lies behind the penoscrotal angle it 
will involve a hair-beanng area Ihe scrotal and preputial type is the 
fourth method, of which the Ombredanne operation is the most modern 
example The posterior portion of the canal is constructed from tissue 
coming from the scrotum, as in the Bucknall operation The anterior 
portion, to a iar 3 nng extent, is made from the tissue of the redundant 
prepuce In this operation the posterior portion of the canal in the 
penoscrotal type, and particularly in the perineal ti pe, of case drau s its 
inner layer from scrotal, and consequenth' hair-beanng, tissue 

The method of parallel flaps probably produces the best restoration 
of the canal It employs tissue free from hair and of fine texture, 
particular!}' nell suited to its changed environment The formation of 
fistula has been a i datively common complication m this type, requiring 
further operation for its repair, but it can generally be avoided by 
adherence to the principles of plastic surgery These involve the union 
of tissue on relatively bioad surfaces and never union of the edge- 
to-edge type They also requiie careful hemostasis and care m regard 
to a thoroughly adequate blood supply However, the blood supply of 
flaps thus fashioned is better than that available in most of the other 
operations It is the belief of the authors that at the hands of experi- 
enced surgeons the operation gives satisfactory results The Bucknall 
operation was preferred by one of them for more than ten years It 
has the advantage of being almost fool-proof, and with modest experi- 
ence great certainty exists that a full length canal, free from fistula, 
will be obtained as the result of a two-stage operation Owing to the 
growth of hair in these urethial flaps the procedure has been abandoned, 
as this complication is considered unavoidable and introduces an element 
of late unsatisfactory results 

Ombredanne reported a series of 392 cases m which his method was 
employed Lyle reported 9 cases, all the patients were children, and 
they were not followed into adult life The procedure does not require 
diversion of the urinary stream It is apparently free from any marked 
risk of fistula and creates a uiethra of full length and adequate caliber 
It IS subject to the objection inherent in the Bucknall type of operation, 
namely, the subsequent dei’-elopment of hair with formation of stone and 
urethral irritation attributable to the fact that some of the skm utilized 
for the urethra comes from a hair-beanng area According to the 
experience of Cabot, Waiters and Counsellei the operation is free from 
unusual technical difficulties, and it does create a satisfactory urethra 
without important danger of the formation of fistula 

Absence of the Perns — Drury and Schwarzell reported a case of 
congenital absence of the penis of a boy aged 13 

63 Drury, R B , and Schwarzell, H H Congenital Absence of Penis, Arch 
Surg 30 236 (Feb) 1935 
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suggestion of carcinoma remains gold-screened radon peimeal needles 
are used Implantation of gold seeds thiough the perineum is ineffec- 
tive because the gold seeds cannot be implanted with any degree of 
accuracy Aftei the patient has xecovered fiom the foregoing pro- 
cedure external irradiation should be given The thud class consists of 
cases in which the piostatic caicinoma is so enoimous that it seems 
impossible to control External iiiadiation alone is given, and if uiinary 
retention is a dominant symptom transurethral resection should be pei- 
formed The fourth class contains cases in which theie is metastasis 
to bone oi metastasis aiound neives in which amelioiation is to be 
expected In these cases external irradiation alone should be used It 
IS surprising how' many years the lives of patients wnth metastasis to 
bone can be prolonged by this method 

Graves and Militzer piesented a clinical leview' of 81 cases of 
carcinoma of the prostate gland wnth metastasis and made a preliminaiy 
report of a pathologic study of the paths of dissemination in cases of 
this disease In all but 6 cases of the entire series, metastasis to bone 
was found either by roentgen examination oi at necropsy The pelvis 
and sacrum were involved in 85 per cent of the cases, and the lumbar 
part of the spinal column w’as affected m 59 per cent Pathologic 
fractuies w^ere observed m 5 instances 

Treatment of the local condition ivas necessarily limited to measuies 
of palliation The plan of treatment in cases of carcinoma of the pros- 
tate gland with metastasis cannot be standardized, and the procedure 
adopted in each case must vary wnth the needs of the individual patient 
Transurethial lesection sometimes forestalls the need for more exten- 
sive operation High voltage roentgen irradiation and radium therapy 
proved to be the most effective agents foi the relief of pain caused by 
metastasis 

Postmortem examinations -were made on 74 per cent of the patients 
w'ho died in the hospital Metastasis other than m the bone was found 
most frequently in lymph nodes, m the lungs and in the liver Pyelo- 
nephritis was the dnect cause, or the most important contiibuting cause, 
of death m 41 per cent of the cases It w^as obseived clinically that 
advanced renal infection may exist wnthout significant pain and tender- 
ness in the region of the kidney Extensive pyelonephritis may be 
present without marked elevation of the nitrogen content of the blood 
The test of renal function with phenolsulphonphthalein frequently 
affords a more accurate picture of the degree of damage to the kidney 
than do chemical examinations of the blood 

55 Gra'es, R C , and Militzer, R E Carcinoma of the Prostate with Metas- 
tases, J Urol 33 235 (March) 1935 
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were good , in 5 cases, m all of which the testes had been intra-abdommal 
at operation and in which m order to accomplish the Torek procedure 
extreme traction on the vessels had been necessary, the results were 
only fair In 2 cases, orchidectomy had become necessary, and m 7 
cases no adequate check on results was obtained 

Cabot discussed three methods available at present for treating 
cryptorchidism The first method is to let nature take its course, in 
which event it is certain that in a considerable proportion of the cases 
no alteration in the abnormal position of the testis will take place and 
permanent damage to the testis will occur Regarding the second 
method, recent experimental evidence suggests that the use of a hor- 
mone derived from the anterior lobe of the pituitary gland markedly 
affects the development of the genital apparatus and stimulates descent 
of the abnormally placed testis into the scrotum The number of 
instances in which this treatment has been applied to children is not 
sufficient to warrant a conclusion, and the method should be regarded 
as being still in the experimental stage It should be emphasized, how- 
ever, that this method should not be used to the detriment of the 
child and that its use should preferably be confined to the period between 
3 and 8 or 9 years of age If the testis has not descended into its normal 
position by the end of that period the method should be abandoned and 
operation resorted to In the third procedure for undescended testis 
the work of Moore modified the views in regard to what constituted 
a satisfactory operative result in that it required the placing of the testis 
in an entirely normal position and maintaining it there This increased 
the importance of the Torek type of operation as compared with other 
methods Operations of the Bevan type do not so consistently fulfil 
this indication completely and should, according to Cabot, be largely 
abandoned In regard to patients with intra-abdominal cryptorchidism, 
in the treatment of whom the technical difficulties of obtaining normal 
replacement are great, Cabot’s experience indicates that a two-stage 
operation, in which the testis is brought down to below the level of 
the external inguinal ring in the first stage and to a normal position in 
the second stage, by the application of the Torek technic, is likely to be 
satisfactory in many cases 

URINARY CALCULI 

Experimental Studies — Higgins®® reported that in a high propor- 
tion of albino rats maintained on a diet deficient in vitamin A, cal- 
culi of the urinary tract developed If deficiency m the diet was 

65 Cabot, Hugh, in discussion on Thiessen and Walters 

66 Higgins, C C Production and Solution of Urinary Calculi Experi- 
mental and Clinical Studies, JAMA 104 1296 (April 13} 1935 
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tion There is no evidence that castration causes atrophy of the so-called 
benign overgrowth of the prostate gland The anatomic origin of pros- 
tatic hypertrophy has been definitely established Studies have dis- 
closed absence of submucosal glands of the prostatic urethra and trigon 
in the monkey, hence there is less probability of the development of 
prostatic hypertrophy m this animal The rat has all the anatomic struc- 
tures that might serve as origins for hypei trophy of the prostate gland 
A case in which hypertrophy of this gland developed from the sub- 
mucosal glands of the posterioi uiethra of an old rat is reported 

Stone — ^Thompson and Cook®” stated that chronic prostatitis often 
persists because of infected pockets or diverticula that drain only through 
a small prostatic duct * Tieatment by ordinary methods, such as mas- 
sage, irrigation, injection of antiseptic substances or diathermy, results 
only in temporary relief of symptoms Surgical treatment of these 
structures by the transurethral route insures adequate drainage and sub- 
sequent improvement in a large percentage of cases The cavities o£ 
the prostate gland must be widely excavated m the form of a saucei, 
and, if necessary, tissue must be excised to provide free flushing at the 
time of urination, otherwise infection will persist Calculi embedded 
in the tissue of the prostate gland, which occur either primarily or 
secondarily to infection, can be removed by transurethral operation 

PENIS 

Epithelioma — Dean presented a clinical study of 120 cases of epi- 
thelioma of the penis in which radium and roentgen therapy were used 
and considered the review significant m view of the fact that sufficient 
time had elapsed to determine to a fair degree the value of these agents 
Married men predominated in this series in the ratio of 5 1 Occupation 
and previous constitutional diseases (excluding syphilis) seemed to be of 
no etiologic importance Thirty-four per cent of 70 patients had had 
syphilis, and the syphilitic patients, as a group, were 8 years younger 
than the nonsyphihtic patients when the symptoms of cancer appeared 
No Jews were found in the series Only 4 per cent of 93 patients had 
a freely retractile prepuce At least 65 per cent had some mechanical 
difficulty in retracting the prepuce Thirty-seven per cent of the patients 
had been operated on to expose the glans penis The flat type of cancer 
of the penis occurred more frequently than the papillary type The 
two types seem to grow at the same rale, but the flat tumors metastasize 
earlier Th e inguinal nodes were the site of the earliest metastasis, 

59 Thompson, G J , and Cook, E N Chronic Prostatitis and Prostatic 

(March) Incision with the Electrocautery, JAMA 104 805 

60 Dean, A L,Jr Epithelioma of the Penis, J Urol 33,253 (March) 1935 
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In the remaining rats in this series the calculi weie definitely smaller 
In one the renal calculi also had disappeared Cystitis, hemorrhage 
under the mucosa of the bladder, and renal infection were commonly 
observed in this group Keratinization of the epithelium was present 
to some degree in the genito-urinary tracts of all the animals m this 
series A reparative process was evident in the epithelium of the 
ureters, kidneys and bladder, especially when there was not a marked 
degree of infection 

These experiments show that with the addition of vitamin A to the 
diet there is a tendency toward restoration of the normal epithelium 
along with solution of the calculi In the first experiments at the 
Cleveland Clinic the calculi produced in rats on a diet deficient in vita- 
min A were composed chiefly of calcium phosphate, hence it seems 
logical to assume that the calculi in this series of experiments were of 
the same composition An acid ash diet high in vitamins, especially in 
vitamin A, is suggested as a prophylactic measure to prevent the recur- 
rence of calculi in patients who have had urinary Iithiasis, and the role 
of vitamin A in the diet to prevent primary calculous disease is impor- 
tant A high vitamin, acid ash diet has produced decrease in the size 
of, or total disappearance of, renal calculi m patients refusing surgical 
intervention and in those in whom operation has not seemed indicated 
In IS collected cases in which the high vitamin, acid ash diet has been 
used the renal calculi have undergone solution, according to roentgeno- 
graphic evidence 

Spontaneous Fiagmentatton — Chauvin stated that the spontaneous 
fragmentation of calculi within the kidney, urinary ducts and bladder, 
although well known from ancient times m its anatomic modalities, 
remains as much a mystery as ever in its pathogenic mechanism Various 
theories have been proposed , the oldest on record is that of Civiale, who 
thought that the stones were broken by contractions of the bladder 
Other writers have ascribed the fragmentation to progressive desiccation 
of the stone from the center to the periphery, to the progressive increase 
in size of the nucleus from imbibition, which was supposed to have 
shattered the cortex, and to the action of mineral waters None of these 
explanations is entirely satisfactory, and some are actually fantastic 

To understand how certain concretions bieak diametrically through 
their entire mass it is necessary to assume that a change occuis in the 
size of the whole stone, both nucleus and cortex, and such a change can 
be explained only by a modification of the chemical composition of the 
stone The calculus is constantly bathed with mine, now, the reaction 
and composition of this urine may change, and there is nothing to 

67 Chauvin, E La fragmentation spontanee des calculs unnaires, Arch d 
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inherent weakness of this contention has been shown by the woik of 
Sorsby and otheis and also by the case of cancel in an uncircumcised 
Jew which Wolbaist leported in 1932 So fai as can be ascertained, 
this IS the only reported instance of cancel of the penis in a Jew If 
he had been born with racial immunity it must have becbme seriously 
attenuated by virture of his retained foreskin 

Hypospadia —Cahot, Walteis and Counseller®- leported on 38 cases 
of hypospadia in which opeiation was performed between May 1, 1930 
and May 1, 1934 Besides the vaiious procedures directed towaid cor- 
lection of the defoiniity, three geneial methods of constructing a uiethia 
were principally used the lateral flap method, a development of the old 
piinciples of Duplay and Thiersch (26 cases) , the Bucknall method 
and the Ombredanne method The operations should be divided into 
two groups, those concerned with coriection of the deformlt^ of curva- 
ture and those concerned with constiuction of the uiethra Proceduies 
intended to overcome the deformity of cuivature should be undertaken 
at an early age, preferably between 1 and 2 yeais The smallness of 
the parts is not considered a handicap to this phase of the operation 
The optimal time for building of the urethra is after the child has 
attained leasonable growth and yet some years befoie puberty This 
procedure is best undei taken some time m the sixth yeai, three or foui 
years after the deformity has been coriected In most of the methods 
employed diversion of the urinary stream will be desiiable This is not 
necessary m the Ombredanne operation but is essential in opeiations 
of the modified Duplay and Thiersch type In the expeiience of Cabot, 
Walters and Counsellei drainage through a perineal boutonniere made 
at the completion of the operation of repaii has been satisfactory 

At present opeiations for hypospadia involve four types of pro- 
cedure There is the parallel flat type in which the urethra is made by 
turning in flaps with broad bases cut parallel to the noimal course of 
the uiethra and so planned as to avoid superimposition of the suture 
lines in the two layers All modifications of this type are from the 
piinciples originally enunciated by Dupla)'^ and by Thiersch It is sig- 
nificant that the flaps utilized m this procedure contain no hair-beanng 
skin m any portion The second type involves the principle of the 
pedicle flap, these flaps being taken from more or less distant regions 
and manipulated at various stages of the procedure so as to construct 
a urethia This method has been used with skill by Blau and others 
In the third type, scrotal flaps are used The typical procedure of this 
group is the Bucknall operation The inner layer of the urethra is 
formed from the tissue extending backward from the abnormally placed 

62 Cabot Hugh , Walters, Waltman, and Counseller, Y S Principles of 
Ireatnient of Hipospadias, J Urol 33 400 (April) 1935 
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CAUSES OF DEATH AFTER OPERATIONS ON THE URINARY TRACT 

Hyman and Mencher reported a study of the causes of death after 
operations on the uunary tract, reviewing 168 cases with 119 postmortem 
examinations 

There were 27 cases of renal calculus The causes of death were 
infection of the wound in 1 case, p 3 '’elonephritis in 12, peritonitis in 3, 
postoperative shock in 2, cardiac failure in 1, sepsis in 3, hemorrhage 
in 2, cerebral accident in 1, obstruction of the upper portion of the 
intestinal tract in 1 and general debility with decubitus and tabes in 1 
In 11 of these 27 cases a bilateral involvement was found, in 9 cases 
the calculus was associated with pyonephrosis, in 3 solitaiy kidneys 
were present, and in 4 the patients were admitted m a state of uremia 
In the fifteen cases of tumor of the kidney the causes of death were 
infection of the wound in 2 cases, pneumonia m 1, peritonitis in 1, 
shock in ,3, pulmonar 3 ' embolism in 2, hemorrhage in 3 and advanced 
carcinoma in 2 In 1 case death followed spinal anesthesia One of the 
tumors was infected In 11 cases nephrectomy was performed, and in 
4 the surgical intervention was limited to exploratory operations, no 
further procedure being available In 4 cases nephrectomy was per- 
formed by the transperitoneal route 

In 5 cases of renal tuberculosis death resulted from the following 
causes renal infection in 1 case, tuberculous meningitis in 1, pulmonary 
embolism in 1, generalized tuberculosis in 1 and solitar 3 '^ kidney with 
advanced tuberculosis in 1 Two of these 5 patients were admitted in 
a state of uremia , 1 had bilateral tuberculosis , 2 had associated pyone- 
phrosis, and 1 had calculus p 3 '^onephrosis Two patients underwent 
nephrectomy, 2 nephrostomy, and 1, a transplantation of the ureter to 
the skin In this group the disease itself was the prime cause of death 
In 10 cases of pyonephrosis death was attributable to the follow- 
ing causes pulmonary embolism in 1 case, renal infection (original 
disease) in 5, sepsis in 3 and chronic glomerular nephritis in 1 Four 
patients were admitted in a state of uremia, and 1 enteied with sepsis^ 
There were 10 cases of perinephric abscess, suppurative pyelone- 
phritis and cortical abscess The causes of death were as follows 
peritonitis in 1 case, shock in 1, infection of the wound in 1, pulmonary 
embolism in 1, sepsis in 3 and renal infection in 3 Four of these 
patients were admitted in a state of uremia, and 2 with sepsis In 2 
cases nephrectomy was performed , in 5 only incision and drainage com- 
prised the procedure, and in 3 nephrostomy was performed 

68 Hyman, A , and Mencher, W H The Causes of Death After Urological 
Operations A Study Based on One Hundred and Sixty-Eight Cases with One 
Hundred and Nineteen Autopsies, J Urol 33 315 (March) 1935 
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There were no subjective symptoms, and the patient’s physical and 
mental development were those of the average boy of his age The 
testes, spermatic funiculi and vasa deferentia were normal Urine was 
discharged from the rectum three or four times a day Although excre- 
tory urography gave evidence of a bilateral hydro-ureter and some 
pelvic dilatation there were no symtpoms of urinary infection 

This condition is extremely rare In the 7 cases previously recorded 
accompanying congenital defects were common, and ectopic erectile 
tissue was frequently noted This patient had no other demonstrable 
abnormalities This is the first case reported in which the urinary tract 
has been visualized by roentgenograms 


TESTIS 


Cl yptoi chtdtsm — ^Thiessen and Walters reported on 96 cases of 
undescended testis in 72 patients operated on at the Mayo Clinic, in 
which treatment was by temporary fixation of the testes to the thigh 
The Torek method of operation was used in all these cases, and satis- 
factory results were obtained in 92 per cent of them In 73 9 per cent 
of the cases an indirect inguinal hernia, which was associated with the 
undescended testis, was repaired surgically at the same time In 47 2 
per cent of the cases cryptorchidism was bilateral Of cases in which 
there was unilateral nondescent of the testis the right side was affected 
m almost three times as many instances as the left side The right 
testis was undescended in 38 8 per cent, and the left testis, in 13 8 per 
cent of the cases The positions of these testes were classified into four 
groups The 18 (18 7 per cent) testes m the first group were found 
at operation to be intra-abdominal In the second group were 3 (3 1 
per cent) testes situated at the internal inguinal ring , in the third group, 
40 (41 7 per cent) testes lying in the inguinal canal, and in the fourth 
group, 35 (36 5 per cent) testes which were situated at the external 
inguinal ring 

The results of the operations have been satisfactory Seventy-six 
(79 1 per cent) of the testes were maintained in normal position in a 
scrotum of normal size The size of 32 (33 3 per cent) of the testes 
increased after operation Eight (8 3 per cent) of the testes which 
befoie operation had been small or atrophic remained in that condition 
Aftei operation the testis was found to be in the upper portion of 
the scrotum in 16 cases, but before operation m 10 of these 16 cases 
the testis had been within the abdomen In 69 (77 per cent) of the 
cases result s were excellent, in 13 (14 6 per cent) results apparently 
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in which prostatectomy was pei formed m two stages, death resulted 
from the following causes Infection of a kidney in 1 case, pulmonary 
embolus in 1 and sepsis in 1 In this group of operations on the pros- 
tate gland the general condition of the patient is important Most of 
these patients are in the sixth or seventh decade of life and have, in 
addition to the prostatic disorder, coronary disease, myocarditis, general- 
ized atherosclerosis or diabetes Whereas in 45 per cent of the cases 
infection m one form or another was the impoitant factor in the cause 
of death, the cardiovascular system and pneumonia accounted for an 
equal number of deaths It is interesting to note that 15 patients died 
after undergoing ordinary suprapubic cystotomy In a review of 294 
cases of cystotomy and completed suprapubic prostatectomy, the mor- 
tality rate proved to be as follows cystotomy only, 17 cases with 8 
deaths, suprapubic prostatectomy in one stage, 44 cases with 3 deaths, 
suprapubic prostatectomy m two stages, 233 cases with 20 deaths 
Although 11 patients died in an apparent state of uremia, the underlying 
factor was severe infection of the kidneys 

Primary causes of death in the entire series studied by Hyman and 
Mencher were as follows renal infection in 45 cases, sepsis in 23, 
infection of the wound m 12, pneumonia in II, peritonitis in 11, shock 
in 11, cardiovascular disease in 10, pulmonary embolus in 9, hemorrhage 
in 7 and cerebral conditions m 3 — a total of 142 deaths Contributing 
factors were these uremia in 64 cases, renal infection in 19, sepsis 
in 2, infection of the wound in 17, pneumonia in 12, peritonitis in 6, 
shock m 3, cardiovascular disease in 4, pulmonary embolus in 3, hemor- 
rhage in 3 and cerebral conditions in 1 Certain facts are emphasized 
by this study There are complications which are unavoidable despite 
careful preoperative preparation, technical skill and assiduous post- 
operative care Among these may be mentioned pneumonia, cardio- 
vascular disease, cerebral factors and pulmonary embolism Infection 
of the wound, to a certain extent, can be controlled Excessive suturing 
of wounds in the presence of gross infection is to be avoided Fiee 
drainage and protection of the perivesical and retrovesical region in all 
operations on the bladder is of prime importance The necessity of 
protecting the peritoneum and immediately suturing all rents in that 
lining cannot be too strongly emphasized Careful aseptic technic is 
essential to prevent introduction of infection during the irrigation of 
an organ through urethral and ureteral catheters and through supra- 
pubic tubes or those used in nephrostomy Control of hemostasis is 
obviously necessary Another point to be taken into consideration is 
avoidance of excessive fulguration and irradiation of infected organs 
Needless pyelographic and instrumental examinations should be avoided 
as much as possible, especially in cases of infection 
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continued for two hundred and fifty days, 85 per cent of the experi- 
mental animals exhibited calculi of the bladder, and 42 per cent, calculi 
of the kidney The spherical, light brown stones varied from 0 5 to 8 
mm m diameter They contained calcium phosphate chiefly, with traces 
of carbonates and a small amount of mucoid substance No uric acid 
or oxalates were detected 

Three constant changes observed in these animals, that might be 
associated with formation of stones, were keratinization of the epithelium 
of the gemto-unnary tract, urinary infection and alkahnuria The 
keratinization of the epithelium was noted after the diet had been 
deficient in vitamin A for a period of from eight to ten weeks Urinary 
infection was produced in a large percentage of rats maintained for 
long periods on a diet deficient in vitamin A Infection of the bladder 
occurred usually after thirty days, and renal infection, after from sixty 
to ninety days When the experiments had progressed for from two 
hundred to two hundred and fifty days 72 per cent of the rats had 
infection of the bladder, and m 42 per cent of these animals there 
was a coexistent renal infection Alkahnuria was a constant finding 
in rats maintained on a diet inadequate m vitamin A By the addi- 
tion of ammonium chloride to the diet the incidence of calculi was 
decreased When vitamin A was added to the deficient diet the urine 
became acid and calculi were not produced 

It was demonstrated in earlier experiments that if vitamin A alone 
was restored to the diet of rats the formation of urinary calculi could 
be prevented In order to determine whether stones already formed 
could be dissolved by the administration of vitamin A, 30 rats with 
calculi of the bladder or kidney were studied Except for the addition 
of cod liver oil, the diet was the same as that given when the stones 
were produced Twelve rats with calculi of the bladder received the 
deficient diet for from thirty to sixty days In 11 of these the calculi 
had entirely disappeared, as evidenced by roentgenograms, after 2 drops 
of cod liver oil had been given daily for a period of from fifty to sixty 
days In a second group of 11 rats which had received the deficient 
diet for from ninety-six to one hundred and thirty days calculi of the 
bladder could be demonstrated roentgenographically, and coexistent renal 
calculi were observed in 2 rats After the rats had been on the diet 
high in vitamin A for ninety days, roentgenograms gave no evidence of 
calculi in the bladders of 6 rats In the other 5 the calculi were definitely 
smaller The third group of 12 rats had been maintained on the deficient 
diet for one hundred and eighty days Vesical calculi had been demon- 
strated in all these rats, and renal calculi were present in 2 of them 
In four animals the calculi of the bladder had entirely disappeared one 
hundred and one days after cod liver oil had been added to the diet 
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cooperate more closely to explain many obscure clinical pictures of 
abdominal distress which are the referred symptoms of primary urologic 
disease 

Brooks/^ m discussing the gastro-intestinal manifestations of urologic 
disease, stated that nausea and vomiting are the most outstanding signs 
of renal disease P3^ehtis, renal stones, renal abscess or small cortical 
abscesses often cause these gastro-intestinal disturbances without 
markedly localizing symptoms pointing to the urinary tract as the 
affected part 

McKenna'- stiessed the frequency with which seminal vesiculitis 
causes referred pain at McBurney’s point Friedenw^ald emphasizea 
the fact that stone m the pelvis of the kidney often produces symptoms 
resembling duodenal ulcer or cholecystitis, giving rise to pain several 
hours after meals, with signs of hyperacidity, or with reflex and colicky 
pain in the upper part of the abdomen The true condition maj remain 
obscure unless a thorough investigation is made In a number of 
instances in which the patient previously had been under treatment for 
a considerable time for a supposed gastric cancel, subsequent exami- 
nation indicated toxemia secondary to h3'pertrophy of the prostate gland 
as the cause of the nausea, vomiting and abdominal pain 

71 Brooks, Harlow, in discussion on Portis and Gro\ e 
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prevent a calculus that was, for instance, originally of uric acid, from 
becoming a uratic stone if the urine becomes alkaline , this would cause 
a change in size, not of the nucleus or of the cortex, but of the whole 
mass of the concretion, and would necessarily fissure the latter through 
and through 

If the nucleus and cortex have not the same chemical composition, 
only one of the constituents may undergo chemical modification, and the 
fissuration may then involve only one It is more difficult to explain 
why certain calculi break in irregular lines while others exhibit geometric 
regularity in their lines of cleavage But when one considers the frag- 
ments of the latter one is led to see a resemblance with the mode of 
cleavage of certain crystals and to ask whether the amorphous or the 
crystalline structure of the salts composing any given stone does not 
explain the particular type of fragmentation of the one or of the other 
variety of stone It is possible that crystallographic examination of 
these stones would solve this problem 

The stones that have been the least studied with reference to their 
fragmentation are those that occur within the kidney These calculi, 
often corahform, are phosphatic, and it is easy to understand how the 
least violence would cause them to rupture Stones forming in the 
ureter or urethra lengthen as they grow, changing from the shape of 
the pit of an olive to that of a pit of a date and finally to a rodhke shape, 
through apposition of successive layers at the posterior or central 
extremity When they are sufficiently developed they easily break along 
the lines of least resistance, by cleavage of the strata that have been 
deposited Stones in the urethra are poorly protected, and it is not 
surprising that they break under trauma The fragments then often 
become articulated so that they are termed articulated calculi Vesical 
calculi show several kinds of fragmentation (a) by cleavage, (b) by 
cracking and (c) by a combination of cleavage and cracking The 
cracking may occur without any system of regularity or it may take 
place along lines of radiation oriented toward the center According 
to some authors these radii start from the center, and when they reach 
the surface the fragments fall apart, dividing the calculus into regular 
halves, quarters and so forth Chauvm found it possible m one case 
to produce the same type of regular cleavage by crushing whole stones 
in his hand In the third type the cortex first separates from the nucleus, 
then these lines of radiation develop in the former while the nucleus 
remains entire This type of fragmentation is seen most frequently 
in uric acid stones, and especially in hollow ones in which the nucleus 
has been resorbed Oxalic calculi, the structure of which is, as a rule, 
regular and homogeneous, riever undergo fragmentation 
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Southern Minnesota Medical Association and an honorary and corre- 
sponding member of seveial foreign societies 

Dining the Woild Wai he was active as a teacher in the school for 
developing surgeons which was established at the Mayo Cjinic, and from 
time to time since he has taken pait in woik designed to give those 
continuing in the medical corps of the United States Army a more 
intimate knowledge of diagnostic and operative piocedures 

I 




E STARR JUDD 
1878-1935 

In 1921 Di Judd was made a member of the editorial board of the 
Archives or Surgery His opinions have always been sought m 
determining the policy of this publication He had a stabilizing influence 
such as few possessed Simple, almost shy, he was possessed of great 
wisdom, he could settle discussion by kind leason He will be deeply 
missed by all vho learned by association with him to know his great- 
ness His memory will be kept alive by the works which he has 
produced 
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In the group of 72 deaths following operative procedures on the 
kidney for various conditions death was attributable to infection of 
some type in 40 cases (56 3 per cent) At least 30 patients died with 
uremic manifestations, 16 of them entering the hospital in a state of 
uremia The principal factor in the causation of the uremia was 
infection 

There were 4 cases of calculus of the ureter, in these death was 
caused by infection of the wound in 1 case and by renal infection, cardiac 
disease and sepsis, respectively, in the other cases 

The causes of death in 25 cases of tumor of the bladder were as 
follows infection of the wound plus other causes in 6 cases, pneumonia 
in 1, renal infection in 3, peritonitis in 2, shock in 2, cardiovascular dis- 
ease in 2, pulmonary embolus in 1, sepsis m 4, undetermined cause in 2 , 
thrombosis and gangrene involving the iliac artery m 1 and paralytic 
ileus in 1 In 5 cases of contracture of the neck of the bladder death 
was attributable to the following causes peritonitis in 1 case, shock 
in 1, sepsis in 1 and renal infection in 2 All the patients m this group 
underwent suprapubic operations The case of peritonitis was not 
attributable to any operative procedure but to rupture of an abscess 
of the spleen Renal infection in 1 instance and pulmonary embolus in 
the other were the causes of death in the 2 cases of diverticulum of the 
bladder In 2 cases of exstrophy of the bladder in 2 young children in 
whom the ureter was transplanted to the bowel death was caused by 
pneumonia m 1 and by intestinal obstruction at the site of implantation 
of the ureter in the other The cause of death in all 4 cases of stone 
of the bladder was renal infection In this group of 39 deaths follow- 
ing operation on the bladder, 25 patients (more than 64 per cent) died 
as a result of infection originating in the wound or in the urinary tract 
The mortality from infection m the group of patients who had tumors 
was unusually high The remaining causes of death are fairly evenlv 
distributed among other complications 

There were 15 cases of adenoma of the prostate gland m which the 
first stage of suprapubic cystotomy was performed The causes of death 
were as follows pneumonia in 4 cases, infected kidney in 4, cardiac dis- 
ease m 3, pulmonary embolus in 1, sepsis in 1, hemorrhage in 1 and 
phelgmonous colitis m 1 Six of these patients were admitted with 
acute urinaiy retention, 2 had vesical calculi, and 2 were admitted in a 
state of uremia The causes of death in 13 cases of adenoma of the 
prostate gland, in which prostatectomy was performed in two stages, 
were as follows infection of the wound in 1 case, pneumonia in 2, 
infection of a kidney in 3, cardiac disease in 2, sepsis m 2, hemorrhage 
m 1, diabetic acidosis in 1 and meningitis ml In 3 cases of adenoma 
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the air may be withdrawn in jDart following ventriculography is urged 
by some workers as a reason to piefer this method over encephalography 

A more dangerous result of the injection of air is intracranial hyper- 
tension, even though the pressure may have been subnormal at the end 
of the injection Tschugunotf •* noted increased pressure following the 
injection of air m 82 pei cent of 32 cases which he studied AAdiether 
the injection of air stimulates an inci eased production of cerebrospinal 
fluid or impairs its absoiption is not clear However this ma> be, when 
a condition of intracranial hypertension ahead) advanced is exagger- 
ated by this mechanism, the procedure may become a real danger, and 
fatalities have been attributed to this cause ® 

There can be little doubt that air is an irritant to the cential nen^ous 
sjstem Although the initial acute reaction might conceivably be 
explained as the result of an alteration of pressure incident to the 
withdrawal of spinal fluid and the injection of air, the less intense and 
more prolonged reaction, as well as the subsequent increase of intra- 
cianial pressure, seems better explained on an irritative basis Cyto- 
logic studies on spinal fluid and experimental studies on the pathologic 
changes “ following the injection of air corroborates this opinion, and 
one may conclude with Elej and Vogt “Obviously a temporary sterile 
meningitis is established by the irritative effect of the air ” 

It may be concluded, then, that although the injection of air has 
proved to be an essentially safe procedure it nevertheless remains a 
painful and trying ordeal for the patient, usually requiring the use of 
an anesthetic and four or five days’ hospitalization Its safety, too, is 
not unqualified , it depends on a careful selection of cases and a develop- 
ment of technic These very factors limit its application and scope of 
usefulness 

REVIEW OF THE LITERATURE 

Such factors have led various workers to seek other methods of 
encephaloventriculography These methods haA'^e been chiefly of two 
general types — the use of opaque fluids and the use of gases Judging 
from the hteratuie the first of these experimental methods has received 
most attention 

4 Tsdiugunoff, S A Zur Frage uber die Veranderungen der cerebro- 
spinalen Flussigkeit nach der Encephalographie, Ztscbr f d ges Neurol u 
Psychiat 122 452, 1929 

5 Grant, F C Surgery of the Head, Spinal Cord and Peripheral Nerves, 
Progressive Med 1 48 (March) 1930 Adson, A W Evaluation of Pneu- 
moventriculography and Encephalography, Am J Roentgenol 27 657 (Ma>) 
1932 

6 Eley, R C, and Vogt, E Encephalography in Children , Further Obseria- 

tions in Children with Fixed Lesions of Brain, Am J Roentgenol 27 686 (Mav) 
1932 Jacobi, W Zur Frage der Spatschadigungen nach Encephalographie, 
Deutsche Ztschr f Nervenh 112 266, 1930 Tschugunoff * 
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Braasch/® in discussing the causes of death aftei operations on the 
urinary tract expressed the belief that many of the deaths that resulted 
from infection following surgical proceduies on the lower part of the 
urinary tract, such as prostatectomy and resection for tumor of the 
bladder, were caused by inadequate technic in drainage Another cause 
of death is pulmonary embolism This complication follows operations 
on the perineum, on the female pelvis and on the region of the prostate 
gland more frequently than operations on other regions It is of interest 
to note that pulmonary embolism was observed in only 1 of approxi- 
mately 1,000 cases of transurethral resections foi obstruction by the 
prostate gland It has been the experience of the Mayo Clinic that 
some of the newer substances emploj^ed for local and spinal anesthesia, 
and described as being harmless, have proved to be exceedingly toxic 
in some cases Braasch mentioned a nonoperati\e death which resulted 
from the use of one of the newer “harmless” substitutes for cocaine, 
which was injected into the urethra Death occurred instantaneously 
when injection was made into the urethra twenty-foui houis after an 
attempt had been made to dilate a stricture It is advisable to employ 
in the urethra after trauma only local anesthetics that are known to be 
innocuous Renal insufficiency is undoubtedly an occasional cause of 
death The various tests of renal function made prior to operation 
may give results that are normal or nearly so In case of bilateral 
nephrolithiasis and stone in a solitary kidney, an elevated urea content 
of the blood of from 40 to 50 mg per hundred cubic centimeters would 
not necessarily indicate renal insufficiency However m such cases, even 
after a simple operation, renal insufficiency occasionally develops, and 
death has occurred 

GASTRO-INTESTINAL MANIFESTATIONS OF UROLOGIC DISEASE 

Portis and Grove concluded, from a study of various obscure 
gastro-intestmal disorders, that urologic diseases are frequently the 
causes of referred symptoms They suggested that the interrelationship 
of the nerve paths of the urinary and gastro-intestmal tracts may explain 
this curious relationship of symptoms Women m whose urethras patho- 
logic changes have taken place frequently show gastro-intestmal mani- 
festations Pressure phenomena and displacement are factors in a 
certain group of cases Pathologic changes in the lower part of the 
urinary tract in male patients may cause symptoms, particularly m 
middle-aged patients The gastro-enterologist and urologist should 

69 Bransch, W F in discussion on H^man and Alencher gs 

T S and Gro\e, J S The Gastro-intestmal Alanifestations of 

L'rologic Disease J \ AI ^ 104 710 (March 2) 1935 
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In two instances the iodized poppy-seed oil 40 per cent penetrated to 
the brain and caused a local glial leaction and formation of cysts 
Bruskin and Propper tiied to explain the leaction in terms of mechani- 
cal and chemical nutation, the lattei resulting from a slow splitting 
down of iodized poppy-seed oil 40 per cent to iodine and its products of 
saponification 

Putnam-^ in 1926 leported the use of brominized oils in radio- 
graphy He found that biominized lard was the most suitable of the 
oils tested and that it was less irritating to the tissues than air 

In 1928 Frazier and Glasser -- reported the experimental use of 
iodized rape-seed oil intraventriculail}^ without conclusive results 
Skiodan was used b}'^ Lindstrom and bv Arnell but was found 
to be unsuitable 

Iodized poppj'^-seed oil was used by Pieper and Klose and Bruskin 
and Propper It proved to be toxic, except in small amounts They 
also found that it produced definite pathologic changes m the central 
neivous s)^stem, regardless of the amount used 

In 1932 Radovici and Meller -® reported the use of a preparation 
of thorium dioxide Even small amounts caused an elevation of tem- 
perature Evidentl}'’ the meninges and central nenmus system are not 
indifferent to this substance 

In general, it appears that opaque fluids are nontoxic and inert so 
far as they are insoluble and stable Even then, mechanical irritation and 
a foreign bod}' leaction may be pioduced in the central nervous system 
Furthermore, the necessaiily limited amounts which may be injected 
make this method lather inadequate from the standpoint of demon- 
strating the general ventricular outline 

Although gases, on the other hand, permit of i oentgenograms of 
more limited contrast, they appear to be better tolerated and to permit 
a more complete filling and study of the ventriculai and subarachnoid 
spaces and are absorbed with relative rapidity There seems to have 
been little work done on gases other than air 

21 Putnam, T J Brominized Oils for Radiographic Use Preliminary 
Report, J A M A 87 1102 (Oct 2) 1926 

22 Frazier, C, and Glasser, M A Iodized Rape-Seed Oil (Campiodol) for 
Cerebrospinal Visualization, J A M A 91 1609 (Nov 24) 1928 

23 Arnell, S Encephalographv with Solution of Contrast-Salt, Acta radiol 
13 43, 1932 

24 Pieper and Klose, cited b}-- Bruskin and Propper -® 

25 Radovici, A , and Meller, O Encephalographie liquidienne par le thoro- 
trast sous-arachnoidien, Rei neurol 1 479 (March) 1932, Essai de liquidographie 
cephalo-rachidienne , encephalo-myelographie par le thorotrast sous-arachnoidien. 
Bull Acad de med , Pans 107 314 (March 1) 1932 
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E STARR JUDD 
1878-1935 

Dr E Starr Judd passed awa} on Nov 29, 1935, after a short ill- 
ness Death was caused by pneumonia In his death surgeiy has lost 
one of Its outstanding exponents Possessed of rare surgical judg- 
ment, keen diagnostic sense and rare technical ability, he exhibited all 
the qualities of a mastei surgeon He was born in Rochester, 
Minn, on July 11, 1878, and was graduated from the Univeisity of 
Minnesota School of Medicine in 1902 After serving an internship 
in St Marj-'s Hospital at Rochester, he became an assistant of Dr C 
H Mayo in 1903 

He successively passed through the giades of the hospital and medi- 
cal school staffs and at the time of his death was surgeon to St Mary’s 
Hospital, professor of surgery m the graduate school of the University 
of Minnesota and head of a section in the division of surgery at the 
Mayo Clinic 

Early in his professional career he became interested m organized 
medicine He served as president of the Minnesota State Medical 
Association and was secretary of the Section on Surgery of the Ameri- 
can Medical Association in 1913-1916 and chairman of the section in 
1918 He served as a member of the Council on Scientific Assembly 
from its beginning in 1915 until 1927 His sound advice was often 
sought in discussions concerning this assembly, which is an outstanding 
example of the value of demonstrations in the dissemination of the 
loiowledge of newer things in medicine and the necessity of postgraduate 
teaching He served as President of the American Medical Association 
during the year of 1931-1932 In this capacity he served with high dis- 
tinction, ever mindful of the needs of the members of this organization 
and the objectives which they should hope to attain if they were to render 
the highest type of medical service 

Constant demands were made on him to appear before medical 
societies Facts were presented so clearlj'^ bj”^ him, in such a simple 
but striking way, that he became a postgraduate teacher of great 
renown He stood on solid ground surgically and was never greatly 
moved by surgical fads Having the gift of critical ability, he dealt 
with fundamentals Listeners knew that he spoke with the authority 
of experience and stroie to sit at his feet 

He ivas a member of the American Surgical Association, the Ameri- 
can College of Surgeons, the Minnesota Academy of Medicine, the 
^ilinnesota Pathological Society the Western Southern and Interurban 
surgical associations, the \merican Societi of Clinical Surgery and the 
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caibon dioxide with air, and he concluded “The calculation of the 
relative amounts of air and CO, necessaiy to maintain proper pres- 
sure relations after withdrawing the spinal fluid was so difficult as to 
make the method impossihle The reactions were severe and served 
to emphasize the necessity of using insoluble gases to replace the 
spinal fluid ” He next used nitrogen, and in about 40 patients he 
obtained more promising results He noted that in most cases headache 
was less severe than it was following the use of air but stated “The 
diflference between nitrogen and air, however, cannot truthfully be said 
to be very sti iking” Finally, helium was used in 12 cases With the 
use of this gas the author leported that headache was “almost uni- 
formly less severe than with the other gases” and that the results vere 
“encouraging ” He stated “In conclusion nothing sub- 

stantial has been found to obviate the discomforting post-injection 
headache The displacement of the cerebrospinal fluid by gases other 
than air holds a little promise for less severe reactions, but headaches 
of moderate severity are still present in almost every case ” 

In this review the work of Laruelle might also be mentioned, 
m 1931 Laiuelle reported the use of small amounts (from 5 to IS cc ) 
of air, with the idea of avoiding the ill effects and dangers of the usual 
injection of air He believed that such small injections were usuallj^ 
adequate from a diagnostic standpoint However, most authors have 
agreed with Giant,^^ who stated “But by far the larger number of 
the mistakes and failures accurately to localize the lesion have been 
due to incomplete filling of the ventricular system with air ” 

THEORETICAL CONSIDERATIONS 

The ideal method of demonstrating the ventricular system would 
be one which would require no moie trouble than that involved in 
making roentgenograms of the skull Such a possibility has indeed been 
suggested by Dr Naffziger,®- who pointed out that the peculiar prop- 
erties of neutrons, m being blocked by water and yet penetrating more 
dense substances, might conceivably be used for this purpose However, 
further investigation revealed that the blocking effect is an atomic 
mechanism, the light atoms such as hydiogen and oxygen being more 
effective than those of calcium, etc When it is remembered that the 
tissue of the brain is about 84 per cent water and that the remainder 
IS composed chiefly of lipoids, made up almost entirely of the light 

30 Laruelle, L Le reperage des ventncules cerebraux par un precede de 
routine, Presse med 39 1888 (Dec 23) 1931 

31 Grant, F C Encephalographie et ventnculographie, Rev neurol 2 370 
(Oct) 1931 

32 Naifziger, H C Personal communication to the author 

33 Lawrence, Ernest Personal communication to the author 
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EXPERIMENTAL ENCEPHALOGRAPHY WITH 
ANESTHETIC GASES 

ROBERT B AIRD, MD 

SAN FRANCISCO 

Following the intioduction of ventriculography in 1918 and 
encephalography in 1919 by Dandy, these procedures received wide atten- 
tion and trial Early mistakes were soon conected, and the tests have 
become relatively safe procedures to which the neurosurgeon does not 
hesitate to subject his patient if he believes them to be indicated 
However, the injection of air into the ventricular and subarachnoid 
spaces carries with it certain unpleasant effects which appear to be 
inevitable 

The injection of air almost invariably causes an acute reaction, 
characterized by severe headache and occasionally nausea, vertigo, 
vomiting, profuse perspuation and more or less shock Anesthesia 
alone is capable of overcoming this, and when an injection of air is 
made in a patient whose condition is already unfavorable, the pro- 
cedure becomes of major importance The acute reaction generally 
Sts from SIX to eight hours " More serious reactions are avoided by 
e proper selection of patients and an improved technic of injection 
Another unfortunate feature of the injection of air is its pro- 

lubfrtcr' «’<= 

d spaces in from twelve to twenty-four hours ^ Air dis 
appears from the veotncles much more slowly Reporrof .,3 prLt« 

irnf symptoms, less severe than m the initial 

are usually prolonged one or two days ^ The fact that 

Schoor"" of Surger> of the University of California Medical 

2 Friedman, E D FurtLow f 
Jtion m Clinical NeuroIog^^ Internat ^ChnTw 'fMa 

Die Bedcutung der Lufte.nblasung fur ^ f 'I Weigeldt, W 

cii scl^ Ztschr f Nervenli 77 165 1923 ' ^'^'^k^nmarksdiagnostik, 

•5 Pancoast, H K and Fan t’ ^ 

Chn.cal Considerations' for Its "Use i Roentgenological and 

Pendergrass I ’ J Roentgenol 2l 421 (J^faj ) 1999 
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From theoretical considerations it would seem possible that a gas 
more suitable than air might be found for encephaloventnculograph)' 
The ideal, of couise, would be a gas which would give roentgen results 
comparable to those gained with air and yet involve no moie distress, 
shock or outlay of time and expense than would be incident to the 
necessar}^ mechanical methods of effecting the injection, namelj, luin- 
bai puncture or incision of the scalp and making holes m the skull 
with a bur with the use of local anesthesia A gas approaching this 
ideal should be nonirntative, entirel}'^ safe and easy to handle, it should 
fill and outline the ventricular and subarachnoid spaces and give a good 
contrast shadow for roentgen stud}% it should cause little or no imme- 
diate reaction and a minimum degree of shock, and it should be absorbed 
within a few hours, so that increased pressure and other possible ill 
effects of its piolongcd presence might be avoided 

If, in addition to these points, the agent ivere of such a nature that 
It would have a sedative oi narcotic effect, it would approach even 
closer to the theoretical ideal, since such an effect might conceivably 
overcome much of the pain and distiess incident to the procedure 

It occurred to me that an anesthetic gas might qualify as the desired 
agent Since onlj' a limited amount of gas can be injected and since 
this IS 1 datively inert except as absorbed, it seemed conceivable that 
even strong anesthetic gases might prove safe, any sedative or narcotic 
effect being the result of its absoiption and concentration in the cen- 
tial nervous system Also, the local effect of such a gas on the nerve 
tissues with which it was in direct contact might be to deaden them and 
abolish noxious reflexes, in contrast to the effect of ordinary gases 
The handling of the gas and the roentgen results would be comparable 
■with those achieved by the use of air The duration of its presence 
would depend on such factors as its late of diffusion and solubility m 
the spinal fluid and in the lipoids The investigation of such a possi- 
bility seemed worth while 

METHOD 

The method developed for this investigation, as well as some of the preliminary 
results, have already been reported briefly®’’ Encephalographj, because of its 
comparative simplicity, was favored over ventriculography as the method of choice 
for this investigation 

Preliminary tests were earned out on cats Their bony skulls and small 
lentncles proved a great handicap from the standpoint of obtaining satisfactory 
roentgenograms Dogs were much more satisfactory and the work to be reported 
was based entirely on their use as laboratory animals 

After early trials, suboccipital puncture was discarded in favor of lumbar punc- 
ture, the latter proving safer and allowing more free manipulation of the head, 

37 Aird, R B Experimental Encephalographv with Anesthetic Gases, Proc 
Soc Exper Biol & Med 31 715, 1934 
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Iodized poppy-seed oil 40 pei cent was used foi spinal epidural and 
subaiacliiioid injection as early as 1923 b) Sicard and Forcslier ■ and 
later was used intiacranially in vaiioiis A\ajs bj Schustcr,« Rimbaud, 
Lainaique and Jainbon,'' Schaeflcr and Baron,*® Gortaii and Saiz,** 
Sicard and Forestier,*- IMajer,*® Hagucnaii and GalK,*'' Balado,* 
]\Iorea,*® Obairio and Orlando*' Carrillo*® and Castev and Romano*" 
The results have been rather unsatislactor} from a roentgenologic 
standpoint Reactions, usualh headache and fever, were reported b\ all 
except the South American authois In 1931 Bruskin and Propper 
carefully studied the pathologic effects of iodized poppy-seed oil 40 per 
cent ovei prolonged periods in dogs Granuloinatous and absorptive 
reactions nere obser^cd in the meninges Vascular icactions and 
changes in the cortical cells weie noted also Ihcsc authors expressed 
the opinion that such manifestations in the meninges and In am were 
typical of a foreign body reaction 


7 Sicard, T A , and Forcsticr, J L’lnnlc lodec cn clmiqiie Applications 
therapeutiques et diagnostiqucs, Bull et nicni Soc incd d hop dc Pans 47 309 
(Feb 23) 1923 

8 Schuster, J Ventnculographie nut Lipiodol ascendens iind dcscendcns, 
Khii Wchnschr 4 2064 (Oct 22) 1925 

9 Rimbaud, Lainarque and Jainbon Lipiodol ascendant lnlra-^cnt^culalrt 
Presentation de cliches, J de radiol et d’clcctrol 9 450 (Oct ) 1925 

10 Schaeffer, H , and Baron, P Lc lipiodal ascendant dans la localisation 
des tumeurs cerebrales Son intcret et scs dangers, Mcdccinc 7 391 (Feb) 1926 

11 Gortan, M , and Saiz, G Enccfalografia c lipiodol ascendente, Pohchnico 
(sez med) 33 312 (June) 1926 

12 Sicard, J A and Forcsticr, J Roentgenologic Exploration of Central 
Nervous Svstem with Iodized Oil (Lipiodol), Arch Neurol S. Psvchiat IG 420 
(Oct) 1926 

13 !Maver, E G Zur Verwendung des aufsteigcndcn Jodols fur die Rontgen- 
diagnostik, Fortschr a d Geb d Rontgenstrahlcn 38 619 (Oct ) 1928 

14 Haguenaii, J , and Galh Exploration hpiodolce rachiinediillairc et cranio- 
cerebrale, J de radiol et d’electrol 13 369 (Juh ) 1929 

15 Balado, M Radiografia del terccr ventriculo, inediantc la injeccion intra- 
ventricular de hpiodol. Arch argent de neurol 2 69 (Jilarch) 1928, Anatoinia 
chnica y radiologica del tercer ventriculo, Semana med 1 413 (Feb 12) 1931 

16 Morea, R Tecmca y resuUados de la ventriculografia, Semana mtd 1281 
(Jan 28) 1932 

17 Obarno, J M, and Orlando, R La visuahzacion del 3° > 4° ventnculos 
con hpiodol, Prensa med argent 16 1401 (March 30) 1930 

18 Carrillo, R La radiografia del cuarto ventriculo, Semana med 2 719 
(Sept 3) 1931 


19 Castex, AI R , and Romano, N Un caso insolito de bah en el cerebro 
utihdad de la ventriculografia con aceite lodado en la mterpretacion diagnostico- 
topografica, Prensa med argent 17 333 (July 30) 1930 

20 Bruskin J , and Propper, N Experimentelle Myelo-Encephalographie an 
Hunden und uber den Einfluss von Jopidin imd Lipojodol auf das Ruckenmark, 
Gehirn und dessen Haute, Ztschr f d ges exper J^Ied 75 34, 1931 
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Ihe injecting syringe and connected by tubing to the controlling valve of the 
gas tank afforded a simple and convenient closed system for handling the gases 
Replacement of the spinal fluid bj gas was carried as far as possible, usually until 
bubbles returned through the needle Then the needle was withdrawn, and another 
lateral roentgen view of the skull was made If the ventricular outline appeared, 
other v’levvs were taken to follow the course of the injection Throughout the 
entire procedure, pulse, respiration, color, reflexes and muscle tension were 
observed closely and recorded 

With improvements in technic, standardization of routine and experience, this 
method proved satisfactory for determining the following information on the 
various anesthetic gases (1) ease of handling, (2) early irritative effect, (3) 
sedative or narcotic effect, (4) after-effects, both immediate and late, (5) safety, 
and (6) roentgen results, including the time of absorption 


OBSERVATJOiN S 

Repeated encephalograms were obtained m this manner on the same 
animal to compare under as nearly identical conditions as possible the 
effects of the various gases The results obtained will be discussed 
briefly The observations are summarized in table 1 

An injection of air vv-as initially performed in all animals as a 
standard by which the results obtained with the other gases could be 
compared Aside from a few earl}’’, uncontrolled injections, thirty- 
eight controlled injections of air have been made in twenty-four dogs 
In two of the dogs air was not seen in the roentgenogram on two dif- 
ferent trials, as well as in subsequent injections of gas, and therefore 
the animals were discarded In three others air was not evident in one 
of two trials, and in a fourth there was questionable roentgen evidence 
of air in one of three trials Seventeen of the animals vv'ere aroused 
as soon as the injection of air was started, and, except in four or five 
instances in which there was no apparent effect and in one instance in 
which the effect could not be judged, all were more widely awake at 
the end of the injection and were easily aroused by manipulation of the 
needle or by injection under pressure Prolonged depression, char- 
acterized by obvious hypo-activity and distress on movement, was 
observed in all the thirty dogs showing successful filling The head was 
usually held stiffly in one position (fig 1), and movement of the ani- 
mal aroused an objecting whine This reaction persisted ordinarily 
from one to three days In seventeen animals followed by roentgen 
examination to determine how long the air remained, the average was 
slightly under a week, with extremes of from one to two days and 
from thirteen to fourteen days, depending on the initial degree of 
filling The similarity of the experimental results to those found m 
encephalography in man seemed close in all respects 


40 This was lent by'’ the Certified Products, Inc , San Francisco 
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Tungling=® in 1922 icpoilecl the use of oxjgeii in pnoumogiapb} 
His* report, howe\ei, was cliiefl} conccinecl with the technic of injec- 
tion, and the use of oxygen as compaied with the use of air w'as men- 
tioned only briefl} He noted no had icsults, c g , headache, vomiting 
01 mciease of symptoms, with the use of oxygen and expiessed the 
opinion that steiile oxjgen is pieferahle. because its use insuies against 
infection and the gas is moie quiekl) ahsoibed than an 

Denk=‘ in 1923 also used ox\gen This authoi lepoilcd sevcie reac- 
tions follow'ing encephalogiaphy and relativeh slight reactions following 
ventriculographj w’hich method he theiefoic greatly favoied llis 
use of oxygen was incidental, apparently, and was piompted moie b\ 
the fear of air embolism in venti iculography than by anj meiit that 
oxygen as a gas might have oici an A conti oiled stud^ of 0 x 3 gen as 
an agent for encephalovcntriculograph}' was cntiieh lacking No 
adequate comparison was made with the eftcct of air, reactions to it 
or the length of tune it was piescnt 

Ox 3 'gen is being used expcrimentall}' in the neuiosurgieal clinic of 
Penfield and Cone in Montreal, w'lth favorable icsults Lessened icac- 
tions have been reported,-® wuth a coiiespondnig dcciease in the neces- 
sary period of hospitah7ation from about fom 01 li\c da\s to thiec 
days 

In Apiil 1933 Liberson reported the use of an, carbon dioxide, 
nitrogen and helium in encephalography in man He used a modifica- 
tion of the Bingel method, the transfer of gas and of sjunal fluid m 
this closed system being effected by means of a double (a needle within 
a needle) lumbar punctuie needle Liberson expressed the opinion that 
this simultaneous replacement saved the patient considerable shock and 
discomfort Previous to injection, the gas was passed through w’atei 
baths to free it from all possible dust The author exjnessed the 
belief that this somewhat lessened the reaction after the injection B}' 
the use of this method the injection of air in no case caused shock 
requiring treatment, and there w^ere no fatalities in 210 cases Head- 
ache, however, was almost alwa 3 ^s present, being constant and severe 
for from five to six hours and persisting in less severe form for from 
one to four days Carbon dioxide ivas used in 3 cases Because of 
Its great solubility in spinal fluid Liberson was foiced to mix the 


26 Jungling, O Zur Technik der Sauerstoff-fiillung der Hirmentnkel zum 
Zivecke der Rontgendiagnostik, Zentralbl f Chir 49 833 (June 10) 1922 

For^tLld ^20 4^ Encephalographie und ihre Ergebnisse, Ztschrf nrztl 

28 Jones, O W Personal communication to the author 

4 T »> Emephalograpliv Snintnarj of 
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Because the use of oxygen has been reported on favorably,-® js 
at present being used in at least one well known neurosurgical clinic 
and probably represents about as great an improvement over air as 
can be obtained with an ordinary gas, a few trials were made on dogs 
for the sake of comparison Four injections were made in four dif- 
ferent animals Rather marked irritation i esulted m two , no apparent 
effect was observed in a third, and the fourth was too deeply under an 
initial narcosis for one to tell what the effect was Good roentgen 
results were obtained, the gas remaining for approximately one day 
In one dog a suggestive depression, such as follows the use of air, 
persisted for nearly two days 

Ether, di-vinyl oxide and ethyl chloride may be dismissed as 
being too dangerous for the purposes of encephalographj^ Di-vinyl 
oxide and ether required special heating coils to volatilize'^- them to 
body temperature before injection Ethyl chloride alone remained 



Fig 1 — Postinjection depression exhibited thirt}' hours after air was injected 

unabsorbed sufificientl)'^ long to make it practical from the standpoint of 
roentgenography The immediate irritative effect of these gases was 
marked, and their injection was foIloAved by rapid and deep anesthesia 
tending to induce respiratory paresis Paresis of the hindleg, which 
required several days to clear, followed the injection of di-vinyl oxide 
and ether gas in an unusually high percentage of the animals 

Vinyl chloride,^® used five times in four dogs, elicited a marked irri- 
tative reaction throughout the period of injection m all instances The 
pulse and respiratory rates were strikingl)'- affected, being raised to 

41 Leake, C D , Knoefel, P K , and Guedel, A E Anesthetic Action of 
Divinyl Oxide m Animals, J Pharmacol & Exper Therap 47 5 (Jan ) 1933 
The preparation was obtained through the courtesy of Dr Randolf T Major, 
director of the laboratory of pure research, Merck & Company 

42 The boiling points are given in table S 

43 Patty, F A , Yant, W P , and Waite, C P Acute Response of Guinea 
Pigs to Vapors of Some New Commercial Organic Compounds, Pub Health 
Rep 45 1963 (Aug 22) 1930 The gas was obtained through the courtesy of 
Dr C D Leake, Department of Pharmacology, University of California Medical 
School 
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atoms, liAcUogen, carbon and oxygen, the contrast conceivably obtain- 
able by this method c g, between the vcntiicles filled with cerebio- 
spinal fluid and the suiioundmg brain, probably would be inadequate 
Other considerations such as the present msufflcient production of 
neutrons and their unknown biologic dcsti uctivcness and photo-activity 
prevent the expeiimental trial of this idea, at least for the picsent 

Another method only slightly less ideal would be the discovery of 
a radiopaque agent which on intravenous injection would be concen- 
trated 111 the ventricular spaces, such as telra-iodophenolphthalcin in 
cholecystography or iso-iodcikon iii urography Since, as suggested 
bv Mestiezat^^ and more lecently emphasized b}' Fieniont-Smith and 
his various co-workers,’’^' cei ebrospinal fluid is a dial) sate in osmotic 
equilibrium with the blood plasma and is analogous to the intercellular 
fluids rather than a true secietion such as bile,®" a concentration of aiiv 
agent in the ventiicles seems unlikely On the contrarv, widespicad 
distribution in intercellular fluids, as well as elimination In the kidnevs, 
etc, would probably opeiate to dissipate elTcctively such an injection 
of dye Such an intercellular distribution of the ccrcbial tissues of 
loose texture would further tend to obscure any contrast between the 
v'cntncles and the surrounding brain Finally, the possibiht} of a con- 
centration of a radiopaque dje in the cerebrospinal and intercellular 
fluids which would be sufflcient to giv'e an adequate contrast shadow 
between them and yet be nontoxic seems highly unlikelj 

The injection of radiopaque fluids into the ventricles has been con- 
sidered alreadv, and the limitations of this method need not be stressed 
further 

Attention, then, may be limited to the more practical method of 
replacing the cerebrospinal fluid by gases 

34 Mestrezat, W Le liquide ceplialo radiidicn, milieu intcncur de I’orga- 
nisme, Rev neurol 1 64 (Jan ) 1927 

35 Fremont-Smith, F Nature of Cerebrospinal Fluid, Arch Neurol &. 
Psychiat 17 317 (March 1927) Fremont-Smith, F, and Forbes, H S Intra- 
Ocular and Intracranial Pressure Experimental Study, ibid 18 550 (Oct ) 
1927 Fremont-Smith, F , and Karbie, L S The Intracranial Pressure m Health 
and Disease, Baltimore, Williams &, Wilkins Company, 1927, chap 7 Fremont- 
Smith, F, and Dailey, M E The Effect of Protein Concentration upon the 
Chloride Equilibrium Between Plasma and Cerebrospinal Fluid, J Pharmacol S. 
Exper Therap 27 255, 1926 

36 The concentration of such agents as iso-iodeikon in glomerular filtrate, 
which bears some analogy to cerebrospinal fluid and intercellular fluid,35 would 
not be possible in the cerebral ventricles, since the concentration in the kidneys is 
effected by the tubular absorption of the salts essential for the maintenance of the 
body economy along with sufficient water to keep these salts in isotonic solution 
Ihe unabsorbed waste products and dve thus left in concentrated form escape to 
the renal pelvis as urine 
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Ethylene and nitious oxide may be consideied together, since the 
results obtained with them were similar The quick, easy induction, 
the nontox'icity, the excellence of anesthesia and the rapidity of recovery 
obtained with them as general anesthetics recommend both for trial 
Ethylene was used twenty-six times in tweh’^e different dogs, and 
nitious oxide, twenty-two times m eleven dogs Irritation, possibly 
attributable to the injection of these gases, was noted m a few-' instances, 
but it was slight and usually was followed by a sedative effect The 
narcotic effect of ethjdene seemed a little more intense than that of 
nitrous oxide In all forty-eight injections no alarming symptoms 
were observed, even though the injections w^ere carried as far as pos- 
sible in all cases The roentgen results were satisfactorj', with nitrous 
oxide remaining present approximate!}’' one hour, and ethylene, two 
hours Because of the nonirritative action, the safe sedative effect, the 
lack of after-effects and the good roentgen results obtained with these 
gases, additional studies weie carried out 

rURTIIER SPECIAL STUDIES 

Cytologic and Picsswe Reactions of Cci cbi ospinal Fluid to An, 
Nitious Oxide and Ethylene — Following prehminary and incomplete 
studies of the cell reactions of cerebrospinal fluid to the injection of 
air, ethylene and nitrous oxide, a carefully planned series of injections 
m three animals was carried out, wuth a follow-up observation of the 
cell count and pressure reactions 

In one series (dog 42) encephalography by the lumbar route was 
carried out with a sedative dose of morphine In a second series (dog 
66) encephalography was carried out by the lumbai loute after a 
sedative dose of sodium amytal In the third animal (dog 45) injection 
by the cisternal route was carried out, w’lth the animal under sodium 
amytal anesthesia Also, for the sake of comparison, an injection of 
nitrous oxide was made m this animal by the lumbai loute after a 
morphine sedative was given (table 3) Determinations of the cell 
count and pressure of the cerebrospinal fluid were made before the 
injections and were repeated (by simple lumbar puncture, w’lth the 
same sedative oi anesthetic, respectively) on the first, thud and seventh 
day following the injections 

With these same routes, an initial contiol senes of tests ivas made 
on each animal, the cell and pressure reactions being followed without 
an injection of gas Moderate cell counts were obtained in the tw'O 
animals on which punctuie had been done by the lumbar route one or 

46 Gwathmey, I T Anaesthesia, ed 2, New York, The klacmillan Com- 
pany, 1924, p 711 The preparation was obtained through the coiirtesv of the 
French Oxygen Co , San Francisco 
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done to aid the drainage of cerebrospinal fluid Ho%\e\er, a few tests earned out 
bj cisternal puncture for later special studies will be reported 

Because repeated punctures on the same 'uumal were desirable from an economic 
standpoint as well as for the sake of comparing more adequateb the effects of the 
■various gases, simple lumbar lammcctotm was performed on each of the dogs to 
facilitate the punctures Punctures were not attempted until the laminectomv 
wounds were well healed, usually not before three weeks following the operation 
To secure the animal in a comfortable position which was satlsfactor^ for 
lumbar puncture and also to gne ma\iinuni access for manipulation and the obscr- 
A-ation of reactions, a special table of simple construction was dciiscd It con- 
sisted of a floor hinged to a base, so tint the animal, strapped on its side to the 
floor, could be tilted to am desired angle up to 45 degrees Two side boards nailed 
to the floor gave support to the back and buttocks A cut in the backboard allowed 
ample exposure about the lumbar area for punctures With this table, the operator 
on one side could perform the lumbar puncture and injection of gas, while on the 
other side the attendant could watch the animal, rotate the head and chronologicalh 
record eients Tlieoreticallj > such a reclining posture is not as good as the lertical 
or sitting position for encephalography Ilowcicr, it has been used with success 
in some clinics,^® and m this work it proved satisfactorj 

At first, enough morphine was administered to deaden ordinari pain and keep 
the animal quiet but not sufficient to conceal the jxissiblc irritative or sedative 
effects of the injected gases It was noted, however, that the deep state of anesthe- 
sia induced bj some of the injected gases tended to paraljrc tlic respiratorj center 
It thus became necessary to select a sedative which would not have the depressing 
effect of morphine on respiration Phcnobarbital was tried, but it proved rather 
unsatisfactorj' A state of light anesthesia induced by sodium amjlal finallv 
proved satisfactory, and the major portion of the work was done with this sedative 
The dose necessary varied w ith the animal, but amounts v ary ing from 22 to 32 mg 
per kilogram of body weight were found satisfactory With such doses the animal 
was quiet, good roentgenograms could be obtained easily, the injection of procaine 
hydrochloride and puncture of the meninges aroused the animal only bricflv and 
yet reflexes, muscle tension and often a fair degree of consciousness remained, so 
that superimposed irritative or narcotic effects of the injected gases usually could 
be readily determined 

A 10 milliampere dental roentgen ray machine with an automatic time con- 
trol gave satisfactory roentgenographic results The automatic timer, kept constant 
for each dog, the use of one casette for the films and general standardization of 
the technic contributed to give a good series of comparable roentgenograms 
Single lateral views proved most satisfactory for visualization of the gas-filled 
ventricles and seemed adequate for the comparative results essential in the study" 

The usual routine of encephalography was as follows After the intravenous 
administration of sodium amytal and the making of an initial plate of the skull as 
a control, the dog was strapped on its side to the table described previously, and 
with aseptic technic and with local anesthesia a lumbar puncture was performed 
The table was elevated, and intermittently between collections of spinal fluid the 
gas to be tested was injected slowly, by means of a syringe, into the subarachnoid 
spac« Rotation of the head aided drainage A three-way pet-cock attached to 


1 ^ C , and Zollinger, R Experiences with Enceph- 

alography, New England J Med 207 963 (Dec 1) 1932 

Department of Dental Research, Hooper Founda- 
tion, University of California Medical School 
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Table I —Compatativc Obsctvatiotis on the Results of Experimental Encephalography 



Vinyl chloride 5 Easy Satis 2»inln » 1 aiii'^lhotfc 0 Pul«e and respiratory rates 

dangerous factor3 inurkodlj raided 
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umisvially high levels In one animal the pulse rate lose to 190 and the 
lespiration became greatly depiessed and at one time almost stopped 
Cyanosis appealed There was a complete loss of muscular tone and 
reflexes Recovery occurred m twenty minutes Apparently this gas 
must also be classed as dangerous The foregoing reaction, in addition 
to Its marked iiritative eftect and brief presence in the ventricles (table 
1), precludes its use m encephalogiaphv 

The nontoxicity, low solubility and lapid and excellent naicosis of 
acetylene suggested that it might pro\e a desirable gas foi encephal- 
ography A tank of commercial acetylene, like that used foi welding, was 
rented, and without purification the gas nas injected six times m four 
dogs In spite of the fact that the unpurificd gas was used, no irritative 
reaction was obsen^ed in any of the animals The reaction to the 
injection was not remarkable The pulse late usually lose a little, and 
respiration, except m one dog, either was not aftccted or was decreased 
The animals became more quiet and lelaxed, and fairly definite anes- 
thesia, Avliich lasted about twent} minutes, was obtained m three ani- 
mals In one of the other three dogs, a sedative effect was definitely 
obtained, wdiile m two, such an eftect was questionable The roentgen 
results, how'eier, were disappointing The gas disappeared in less than 
half an hour, and its value for the purpose of encephalograph} therefore 
seems questionable 

Cyclopropane w'as injected four times m three animals, with suc- 
cessful filling of the ventncules in each instance The gas remained 
present about one da)' A questionable sedative effect W'as obtained in 
one animal Irritation on injection w'as ob5er\ed in tw'o of the dogs 
(tables 1 and 4) Although this gas is apparently a great improvement 
over ail and is probably superior to oxygen, it seems definitely inferior 
to either ethylene or nitrous oxide, the observations on wdiich wnll be 
discussed in the next paragraphs 


44 Gauss, C F, and Wieland, H Em ncues Betaubungsi erfahren, Khn 
Wchnschr 2 113 (Jan 15) , 158 (Jan 23) 1923 Wieland, H Acetjlene Anaes- 
thesia, Brit J Ansesth 2 142 (Jan) 1925 Mallebrein, O, and Maier, J H 
Zweitausend eigene Narzvlenbetaubungen, Deutsche med Wchnschr 51 1521 
(Sept 11) , 1567 (Sept 18) 1925 Goldman, J D Conclusions from Extended 
Experiments with Nitrous Oxide, Acetylene, Ethjlene, Oxjgen Anaesthesias, 
\nesth & Analg 7 219 (Julj-Aug) 1928 


45 (a) Henderson, V E, and Lucas, G H W Cjclopropane New Anaes- 
thetic, Anesth S. Analg 9 1 (Jan -Feb) 1930 (b) Henderson, V E, and 
Johnston J F A Anesthetic Potency in the Cyclo-Hydrocarbon Series J 

ft, n i The preparation was obtamed 

through the courtesy of the Shell Development Companj, Emeryville, Calif The 
gas IS manufactured by the Ohio Chemical Company, Cleveland 
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foui which had injections of oxygen (table 4) Although the lesults 
perhaps have not the same comparative significance as those of the 
caiefully planned tests just descnbed, it is of inteiest to note that the 
two good injections of cjclopiopane caused peak cell counts of 1,511 
and 1,613, respectivel}^ and that one of these counts was earned out 
on one of the same animals and undei conditions comparable to those 
maintained in the well controlled senes The uniformly high counts 
obtained following the injection of oxj'gen are also noteworthy 

The comparative peak cell counts shown in table 1 represent the 
leaction to maximal and loughlj' equal injections of gas as checked 
by roentgenogram but, for the reasons ahead) gnen, must be regarded 
only as suggestive 

No striking lesults were obtained m the obser\ations on pressure 
The changes \\eie inconstant, and pressures louei as well as higher 
than the presumed normal were found after the injection of various 

Table 3 — Obscitalwits on Dog 45 Aflei Luinbo) Enctphalogtapliy Nttjous 
Oxide bv Pmictuie zvtlh a MoipI'H'c Sedative 


DilTercntInl Cell Count, 
Percentage 



Data 

aotal 

Cells 

Pols 

niorplio 

niiclcars 

I/Vmpho 
cj tes 

Alono 

cjtes 

Pressure 

Data on cercbrosp/nal fluid 

3/2S 

5 

40 


CO 

175 


3/29 

1,0S6 

71 

13 5 

15 5 

IGo 


S/31 

135 

40 

20 

40 

150 


4/ 4 

G4 

10 

15 

75 

13S 


Eoentgen findings Subarachnoid gas and slight ventricular filling 


gases Although the majontj'^ of tests suggest a rise of spinal fluid 
pressuie following the injection of gas, no satisfactorj correlation can 
be made either with lespect to the time of injection or with respect to 
the type of gas injected Such uncontrolled variants as the degree of 
narcosis and the disturbance caused bj'^ punctuie seem the most likely 
explanations of the inconstant results obtained 

Difteiential cell counts revealed an early polymoiphonucleai leuko- 
cyte reaction, which persisted usuall}'- past the thud day after the 
injection Mononuclear cells were usually in predominance by the 
seventh day The type of gas used apparently caused no chaiacteristic 
differential cell reaction 

Pathologic Studies — Pathologic studies^® on the biain, cord and 
meninges were carried out on nine dogs following the repeated injections 
of air, nitrous oxide and ethylene Three animals weie used for each 

48 Prof C Connor and members of the department of patholog\ assisted in 
the preparation of the routine hematoxjlin and eosm and Prussian blue stains, 
and Dr O W Jones, of the department of surgery, and Dr T F Rinehart, of the 
department of pathology, gaye advice and help 
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two days previously The cell count was nmiual lu both animals within 
foul days The cell counts wcie within noimal limits in the animal on 
which puncture had been cairied out by the cisteinal loiite, regardless 
of the time of the preceding piinctine (table 2) 

The order of the injections of the gases was vaiicd m the dmeient 
animals A complete second senes of tests Mas made on one animal, 
which proved most suitable foi the stud^ (dog 42, lumbar route with 
morphine sedative), the older of injections of gas being vaiied m the 
repeat series 

The lesults of these studies aie shown in table 2 



Fig 2 — ^Total cell count of the cerebrospinal fluid after encephalography with 
air, nitrous oxide and eth^le^e in dog 42 Injection vas made bj lumbar puncture 
with a morphine sedative The ordinate indicates the total cell count and the 
abscissa the days after injection Observations were as follows 


Injection 

1 
n 

3* 

4 

5 

6 

IS tberetU“qucstfoMWe“'^ tolIojvinB injection 3 wns slighth bloody The jalue assigned 

The solid line indicates the observations on the effect of air, the long dashes 
those on nitrous oxide, and the short dashes, those on ethylene 


Date 

4/23 
3/21 
4/ 4 
5 / 2 
5/16 
3/2S 


Gas 

Ethylene 
Nitrous o\!de 
Air 

Nitrous o\l(Je 
tir 

Ethylene 


Roentgen Findings 

Subaraehnold (cisterna magna) filling 
Slight ycntriculnr filling (fig 3) 

Good ventricular filling 
Massive ycntncular filling (fig 4) 
Hassiie ventricular filling (fig 0) 
Massive ventricular filling (fig 5) 


Since lumbar punctures on dogs are at best somewhat difficult, red 
blood cells were looked for as a routine in all specimens of spinal fluid 
before the hemolyzmg agent was added, and when they were found 
allowance was made tn the white blood cell count on the basis of 1 
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of the three gases, two animals receiving three successive injections, and 
the third animal four injections The injections were performed m the 
routine manner already described Roentgenograms were made to check 
the actual presence of the gas In the animals receiving nitrous oxide 
and ethylene the three injections weie performed on consecutive days, 
and in the animals in which four injections were made the series of three 
follow'ed an initial injection a month earlier 1 hese animals w^ere killed 
on the first, second and third day, respectively, following the final 
injection ^^'hen an w'as used successive injections were carried out at 
weekly mtcr\als, since the gas remained present so long and the three 
animals w'ere killed on the first, second and fifth day, i espectively, after 
the final injection The dog listed as being killed on the first day follow- 
ing the third injection of air actuall}' died wnth acute signs of increased 
intracranial jaressure (slow' pulse and respiratory rates) two hours after 
the final injection of air H3'pertonic solution of dextrose w'as admin- 
istered mtravenoush Avithout avail Immediate autopsy revealed a 
bulging tense duia flattened cortical convolutions and internal hydro- 
cephalus, with obliteration of the normal lateial and third ventricles to 
form one large cavity in the middle of the brain H3'drocephalus in 
this animal had been diagnosed 113 encephalographv before death In 
spite of this striking abnormalit3. the animal appealed normall3' intelli- 
gent and cooperative How'evei, in view' of its abnormal condition, the 
death of this animal cannot be attributed, uniesenedl3, to encejihalog- 
raphy carried out w'lth air 

The animals w'ere killed b3' the mtracardiac injection of air The 
brain, meninges and cord w'ere lemoA'ed and fixed in Cajal's solution®® 
Sections w'ere cut to show' the frontal cortex, the coitex in the region 
of the S3'lvian fissure, the W'all of the ventricle, the cerebellar cortex 
and the middle portion of the cervical and lumbar segments of the cord 
in each animal Routine hematox3'hn and eosin stains w'ere made of all 
sections, and sections w'ere stained b3' Hortega’s silver carbonate 
method and Cajal’s gold chloride sublimate method in a few 
instances in w'hich questionable pathologic changes w'ere noted 

The observations in each instance for all gases w'ere w'lthin the 
limits of normal Even in the dog that died following air encephal- 
ograph3' hemorrhagic or inflammatoiv changes w'ere not noted m the 
brain, coid or meninges 

49 An intermittent block mechanism at the aqueduct of Sylvius seemed the 
most likeK explanation to account for the old hydrocephalus successful encephalog- 
raphy on two occasions and final acute block following the third injection of air 

50 The formula is solution of formaldehj'de 40 per cent, 300 cc , ammonium 
bromide, 40 Gm , and distilled evater, 1,720 cc 

51 Penfield, W , and Cone, W Neuroglia and Microglia, in McCIung, C 
E Handbook of Microscopical Technique, New York, Paul B Hoeber, Inc, 
1929 
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white blood cell foi each 500 led blood cclK pei cubic niillimelei '■ 
Cell counts mIiicIi weic obscuicd by blood} t.ips were discaided except 
m two 01 thiee questionable instances, as indicated in the tabic, in 
which foi the sake of an otheiwise good sciics they MCie ictaincd 
The eftects of the final two injections in dog 66 (an and eth}lene) 
appear abnoiinally prolonged (table 2), and, although the animal clini- 
cally seemed noimal, it is possible that these last tw'o injections stiried 
up a low' giade meningitis sufiicicnt to cause the abnoimalit} noted in 
the cell count 

Since the numbei of punctincs wdiich can be pcifoinicd satistac- 
tonl} in an} one animal is limited, adequate compaiativc studies are 
difficult This difficulty is inei cased b} the fact that compaiablc injee- 
tions of gas cannot be made as a routine and that as mav be detci mined 



Fig 3 (dog 42) — Slight \entricuHr filling with nitrous oxide 


from the data piesented in table 2, the cell reaction x'aries considerably 
with the degree of filling, regardless of the t}pe of gas used This is 
more clearl} demonstrated m dog 42, m which difterent fillings of the 
same gas (nitrous oxide) corresponded loughly with the cell reactions 
pioduced The roentgenograms in figures 3 and 4 may be compared 
with the corresponding total cell counts (table 2 and fig 2) Only a 

arge senes of observations wmuld overcome these difficulties and aftord 
conclusive comparison 

The limited series presented, however, is of considerable interest 
m the comp arison of comparable fillmgs (i e , roughly equal as checked 


ITT!? 'S 
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coAurExr 

It IS inteiesting to correlate the eftects obtained by the encephalog- 
raphic injection of the gases used (table 1) with then known jihjsical 
and phj^siologic properties (table 5) It may be seen, for instance that 
the time each gas remains m the ventricles lotighly coi responds to its 
soliibilit) In a rough w’a), the combined factors of anesthetic power 
and solubility seem to be the factois which deteimine the narcotic eftect 
of these gases following injection into the subaiaclinoid space Thus, 
the w'eaker and more insoluble gases (acetjlene, ethjdene and nitrous 
oxide) have onh’’ a limited eftect while the more potent and soluble 
anesthetics (ether, ethyl chloride and vnnl ether) cause profound and 
dafigeious anesthesia 

Iiiitation and residual paresis might conceiiably be associated with 
fat solubihtj^ the more fat-soluble gases producing destructive changes 
at the site of injection This coi relation does not seem to be borne out, 
how'ever as ma)^ be seen in the effects of ether and di-vinyl ether as 
compaied with those of ethylene and cjclopropane 

A, rate of absorption faster than the elaboration of cerebrospinal 
fluid to leplace the absorbed gas might conceivably produce an unde- 
sirable eftect Liberson explained his unfavorable results with 
encephalography catried out wuth carbon dioxide in this w'ay, i e , as 
a too rapid absorption of caibon dioxide in the cerebrospinal fluid With 
carbon dioxide, at least, other factors, such as possible disturbance of the 
acid-base equilibrium in the central nervous sjstem or the convulsive 
reactions noted by Leake and Waters wuth certain proportions of 
carbon dioxide and oxjgen, should be consideied 

In the present experimental work no such ill eftects w'ere observed 
Spells of restlessness W'lth whining and struggling followed some of 
the injections, particular!} those of air and acetylene, but it is scarcely 
logical to attiibute this to the rate of absorption, for although acetylene 
is one of the more rapidly absorbed gases, air is by far the most 
slowdy absorbed The known fairly rapid rate of formation of cere- 
brospinal fluid, as w'ell as the lack of ill effects wuth constant drainage 
of the fluid, further argue against such a possibility 

It IS interesting to note, in addition, that m water solubihtv both 
nitrous oxide and ethylene he between carbon dioxide reported by 
Liberson to be too rapidly absorbed, and ox3"gen, wLich has been used 
successfully and has been found superior to air Other common non- 
anesthetic gases wdnch might conceivably be used for trial in this studv 
have solubility rates approximately or less than that of oxygen Such 
organic gases as ethane and methane, besides possessing questionable 

52 Leake, C D , and Waters R M Anesthetic Properties of Carbon 
Dioxide, Anesth & Analg 8 17 (Tan -Feb) 1929 
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by roentgenogram) of the same animal Thus, m figures 4, 5 and 6 
are shown roughly comparable fillings m dog 42, with nitrous oxide, 
ethylene and air, respectnely These may be compared with the cor- 
responding total cell reaction shown m figuie 2 An and nitrous oxide 
apparently produce about the same degrees of leaction m the cerebro- 
spinal fluid and less than that produced by etln Icne 

Another suggestive finding w'as the somewdiat piolonged reaction to 
an, which corresponds wnth its knowm slowci absoiption In four of 
five tests with nitrous oxide and m two ot three tests with ethylene (the 
third being that in dog 66, which, as explained, should piobably be 
discarded), the cell count had returned essenlialh to normal in seven 



Fig 6 (clog 42) — Massne lentncular filling with air 


days With air, on the other hand, the counts remained slightly more 
elevated and did not reach normal for about ten or more days This 
greater, prolonged reaction to air is even moie apparent when com- 
parable fillings in the same animal are studied In table 2 and figure 2 
are shown the total cell reactions to “massive" fillings of the various 
gases in dog 42 

The differences between the reactions of the cells following the 
injections of nitrous oxide in dog 45 by the lumbar and cisternal routes 
are interesting (tables 2 and 3) Slight ventricular fillings were obtained 
in both instances 

Cytologic and Picssnic Reaction of the Cciebiospinal Fluid to 
Cyclop opanc and Orygen —Similar studies were made of the spinal 
ui 0 three dogs which received injections of c^clopropane and of 




THE SURGICAL TECHNIC OF TOTAL 
PNEUMONECTOMY 

WILLIAM FRANCIS RIENHOFF Jr, MD 

BALTIMORE 

Since the publication two years ago of the operative technic 
employed in the total removal of the lung,^ changes have been made 
from time to time not only in the actual surgical procedure but also 
m the pieopeiatne preparation of the patient, in the method of admin- 
istiation and the type of anesthesia and m the postoperative care and 
obserAation In this report only brief reference mil be made to other 
than the actual surgical technic It should be stated, at the outset, that 
the series of cases fiom which my impressions have been deduced, 
though relatively large, is actually small so that definite conclusions 
cannot be drann at this time, and it is pieferable that the experiences 
to be 1 elated should be legaided foi the time being as suggestions, as 
the surgical tieatment of diseases of the lung is still in its infancy 
That total pneumonectomy has passed the stage of the purely imaginary 
and experimental must be admitted because of the number of such 
operations already successfully performed Without exaggeration it 
ma)’’ be stated that resection of an entiie lung seems to be a feasible 
operation uhicli has proved itself worth}'^ of a place among the recog- 
nized, technically safe piocedures It might also be concluded that the 
immediate and i emote mortalit}’', as well as the postoperative incapaci- 
tation following this operation, will compaie favorabl}'^ with the results 
of suigical piocedures employed foi the eradication of tumors of the 
viscera elsewhere in the body 

The main objects of this papei aie, first, to piesent for consideration 
certain improvements in the surgical technic of total removal of the 
lung and, second, to refei briefly to the preopeiative preparation and 
the postoperative care of patients on wdiom total pneumonectomy has 
been performed 

From the Department of Surgery of the Johns Hophins University and 
Hospital 

1 Rienhoff, W F, Jr Pneumonectomy A Preliminary Report of the 
Operative Technique m Two Successful Cases, Bull Johns Hopkins Hosp 53 390 
(Dec ) 1933 Rienhoff, W F, Jr, and Broyles, E N The Surgical Treatment 
of Carcinoma of the Bronchi and Lungs, JAMA 103 1121 (Oct 13) 1934 
1 echnique of Total Pneumonectomy and Lobectomy, Proc Inter-State Post-Grad 
M Assembly North America, 1934 Discussion on Archibald, E Technique 
of Total Unilateral Pneumonectomy, Tr Am Surg A 52 79, 1934 
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at least to infect it to the extent that it will lie invaded As a result of 
this lining of gianulation tissue, m the whole senes of fifty-two cases 
not one instance has occuired of generalized empyema or invasion of 
the mediastinum producing so-called mediastimtis Furthermore, the 
defense mechanism, having been mobilized before the soiling of the 
thoracic cavity occurs, proMdes foi the phagoc 3 'tosis of bacteria which 
have contaminated the field aftei the operation, so that the reconstructive 
fibiinous exudate which piecedes the formation of a space-occupying 
labyrhith of fibrous tissue is not destioyed by or with the formation of 
pus In evei}' case of this senes theie has been deposited a gelatinous 
plasma clot which fills the entire remaining dead space, and in those in 
wdiich a compensatory dilatation of the opposite lung or lobes thereof 
has not occuired this fibnnous mass has become organized and has 
served as a space-occupying fibrous tissue bod}' which has obliterated 
the remaining unoccupied pait of the thoracic cant}' The details of 
this type of pieoperative pieparation of the thoracic cavity and its 
advantages wnll appear in a later issue of the BitHcfni of the JoJiw; 
Hopkins Hospital 

SURGICAL TECHXIC 

In pieiious communications attention was first directed to the obvi- 
ous anatomic ad^antages of a high anterioi appioach oier the hilus 
w'hen total removal of the lung is contemplated In the early cases ot 
this series the surgical technic w'as carried out as described in tbe first 
leports, namel}', b} intiapleural dissection and individual ligation of 
the pulmonary artery and veins and closure of the bronchus In the 
later cases, how'ever, this technic has been somewhat changed and it is 
to this alteration that attention is especially directed, because it is a 
valuable adjuvant in facilitating the removal of the lung The technic 
for the right and that for the left side are discussed individually For 
the benefit of those not familiar wnth the anterior approach in contra- 
distinction to the posterior approach, used previously to 1934, the entire 
surgical procedure is described in detail 

It W'as soon recognized that proper exposure of the lung could be 
obtained wnthout resorting to the resection of ribs, and at the same 
time the length of the operation rvas shortened and postoperative con- 
A'alescence w'as accelerated and ameliorated In the entire series of 
thirty cases adequate exposure has been obtained by making an antero- 
lateral incision in the third interspace (fig 1 and then separating 
the ribs by means of a self-retaining retractor It is to be noted that 
this incision may be made below' the line of the nipple and should be 
cairied from the parasternal line in front to the anterior axillary line 
lateral!}', if more exposure is desired, it can be continued posteriorly, 
but It has not been found necessary in this group of cases to exceed the 
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costochondral junction \\ill occur, but this has brought about no bad 
results eithei at the time or after operation In each case m which 
separation had been caused, the leunion of the rib to the cartilage took 
place before the patient was discharged from the hospital As shown 
m figure 1 B, the lung completely covers the hilus on its anterior and 
superior surfaces, coming m contact on both the right and the left side 
with the mediastinal pleura, and when this lappet, which overlies both 
the right and the left pulmonary artery, is freed and retracted, the first 
anterior or ventral branches of the artery are revealed (fig 1C) 



A 


Fig 2 — A IS a diagrammatic sketch showing areolar tissue surrounding the 
posterior surface of the left pulmonarj^ artery and the division of the pulmonary 
aorta into the right and left pulmonary arteries outside the pericardium The 
first and second ventral branches of the left artery are also shown E demon- 
strates reflection downward of the left pulmonary artery bj gentle traction on the 
clamped stump of the ductus arteriosus The point at which the obliterated strand 
IS severed from the aorta can be seen as a small rough spot on the under-surface 
of the aortic arch The indev finger is passed under the left pulmonary arterj 
with ease Reflection of the pericardium is also shown 


Resection of the Left Lang — Particular attention is called to the 
fact that on the left side the intrapleural portion of the pulmonary 
artery is very short, indeed, it might be said that the branching of 
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toxic and naicotic piopeities also have about the same water solubility 
as oxygen Thus, fiom the standpoint both of optimal absoiptive late 
and of safe sedative eftect, nitious oxide and ethylene stand out as the 
logical gases for tiial in encephalogiaphy and ventiiculogiaphy m man 
This woik, indeed, has alieady been started and will be the subject 
of a later lepoit 

SUMiMAK\ VXD COXCLUSIOXS 

A satisfactoi} method has been developed foi testing and compaiing 
the effect in dogs of various gases used in encephalogiaphy 

Injections of air foi contiol obseivations, have given lesults in dogs 
cotnpaiable in all lespects to the lesults obtained clinically m human 
beings 

Ethjl chloiide, di-vinvl chloiide, ether vinvl chloiidc, and acehlene 
proved unsatisfactoiy for enccphalogiaphic use, the fiist thiee being 
decidedly dangeious 

In limited senes the effects of oxAgen and those of cjclopropane 
appeared to be conipaiable to each othei and definitel} superior to 
those of air 

Because of their satety good i oentgenographic results, minimal 
initation, definite sedative eftect and lack of ill effects eithei clinically 
01 pathologically, nitrous oxide and ethvlene seem ideal agents for 
encephalography 
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noi, supeiior and poslcnoi aspects of the pnmary bronchus Its 
exceedingly shoit length between its emeigence into the pleural caMty 
and the depaiture of those branches gives the opeiator very little room 
to flee the main aiteiy The main point of danger is the dissection of 
the posteiioi smface of the aiterj' from the anterior aspect of the 
bionchus, for it is heie that the large posterioi descending branch may 
be torn Conti ol of hemorihage is also more difficult here than at any 
othei point, because the vessels are literally entnined around the 
un)uelding, stift primary bronchus and can be clamped individually only 
b}'^ the greatest of good luck, the tip of the clamp usually grasping the 
iigid wall of the bronchus When this happens, large amounts of tissue 
must be clamped and transfixed, and Avhat might have been a methodical 
dissection is transformed into a lathei crude amputation Although 
appaiently not geneially appreciated, a much better exposure of the 
pulmonaiy aitery on the left side may be obtained b)'^ incising the 
mediastinal pleura As shown in figure 1 C, by using a blunt dissector 
the areolar tissue surrounding this poition of the pulmonary artery may 
be dissected away with case Running between the aoita and the 
superioi surface of the left pulmonary artery, a small but well defined 
bundle of white glistening tissue may be observed, the fibrous strands 
of the obliterated ductus arteriosus (fig 1 C), which, uhen divided 
and clamped, piovides an excellent leti actor, freeing the pulmonary 
aitery fioni its attachment to the aorta and allowing it to be pulled 
down and somewhat lotated (fig 2H and B) In this nay the posterior 
sui face of the left artery is revealed for a distance of 2 5 cm from the 
point at which the pulmonai}' arter}'^ divides into the right and left pul- 
monary aitenes to the coming off of the large posteiior branch 

It IS to be especially noted that this space, wdiich is the point of 
election at which to ligate the left pulmonary artery, m reality is extra- 
peiicardial and m the superior mediastinum It is bounded above by 
the arch of the aorta, behind by the primary bronchus of the left 
lung and the portion of the pericardial sac covering the left auricle 
and below by the superioi left pulmonary vein, and it is loofed mer 
by a small portion of the ledundancy of the superior reflection of the 
pericaidial sac but in the main by the mediastinal pleura It contains 
the terminal portion of the pulmonary aitery and almost the entire 
left and the beginning of the right pulmonaiy arteiv, as veil 
as the tymphatic glands* wdnch he on the anterioi and lateral sur- 
face of the pi unary bronchus of the left lung It is elsevhere 
filled with loose aeiolar tissue Dissection of this space permits 
of excellent exposure of the entire left pulmonary artery and 
its easy separation from the surrounding areolar tissue lying between 
it and the left primary bronchus posteiiorly and the peiicardial sac 
infeiioily Occasionally a small opening may be made m the peri- 
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MATERIAL 

The senes constituting the maternl from winch this report is made is com- 
posed of ten cases in M.hich total pneumonectomy has been performed and twent\ 
others in which, because of the extent of the disease process, it was impossible to 
remove the whole lung The latter group, howeier, provided many opportunities for 
the improvement of the surgical technic and for observation of the immediate results 
of certain procedures Of the former group of ten cases in winch complete pneu- 
monectomy has been accomplished, in four the operation was performed on the 
right side and in six on the left Eight of the ten patients were operated on for 
tumor of the lung and two for unilateral tuberculosis In this group there has 
been one immediate operative death due to diffuse lobular pneumonia resulting 
fatally on the fifth day , three patients died later, one six months later of metastases 
to the brain, another after three months of tuberculosis of the remaining lung and 
the third six weeks after operation of pulmonan embolism Excepting the patient 
w'ho Succumbed to tuberculosis, the other three died in the hospital, thus providing 
me w'lth the opportunity to studj the interesting mtrathoracic anatomic readjust- 
ments, winch could be compared with certain clinical findings, as w'cll as a senes 
of roentgenograms made at regular intervals until just before death Of the 
remaining six patients who arc alive, it has been possible to study the clinical 
course at frequent intervals because thev arc nearby residents of Baltimore 


PREOPERATIVE PREPARATION 

The ‘preoperative preparatton of the patient is of the gieatest 
importance to insure stabilization of the pulse and blood pressme dur- 
ing the operation and successful primary healing of the bronchus, 
together with subsequent obliteration of the remaining dead space The 
preparation consists, first, in producing if possible a complete collapse 
of the lung by gradually induced pneumothorax: In this manner the 
cardiorespiratory mechanism is stabilized, and the patient becomes accus- 
tomed to breathing with one lung The mam portion of the circulation 
through the pulmonary aorta is forced to pass through the contralateral 
rather than through the collapsed lung This diminishes the possibility 
of circulatory disturbance followung the immediate ligation of the pul- 
monary artery on the affected side and furthermore seems to prevent 
the shock associated wuth the opening of the pleural cavity because 
the patient has become used to an mtrathoiacic pressure slightl} greater 
than atmospheric pressuie Thus, when the chest is opened at the 
time of operation there is no embanassment from the effect of a tem- 
porary open pneumothorax Second, for over two years it has been my 
custom to produce an inflammation of the parietal and visceral pleura in 
order to incite a serofibrinous pleurisy followed by the formation of 
granulation tissue I have done this in the twenty-eight cases mentioned 
in this report and in twenty-four cases m wdiich only partial pneumonec- 
tomy has been pe»-formed for bronchiectasis As is well known, it is 
much more difficult, if at all possible to infect a granulating surface or 
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stump has been amputated, and the closure lias been made with the epi- 
thelial sui faces abutting each othci, just as occurs in the suturing ot 
the intestine or of the sm faces of the sKin It may be that the 
difficulties in the past in dealing with a secondary opening of the bron- 
chus were due to excessne traumati/ation from crushing, cauterization 
oi widel} spaced ligatuics, with sti angulation of the bronchial artery 
Eien in the patients with tuberculosis m whom the bronchus was 
divided healing was per primam Probably it uould be adiantageous, 
not onh fiom the standpoint of giving the tumor a wide margin but 
also fiom that of guaianteeing secure closure, to amputate the bronchus 
as high as feasible, near the bifurcation of the trachea, for unquestion- 
ably the granulating surface about the bronchus becomes more vigorous 
and abundant if the stump is in contact with the mediastinal areolar 
tissue and pleura There are numerous ljunphatic glands wdiich lie 



Fig 4 — This dngramniatic sketch show's the stump of the hilus of the left lung, 
which has been dissected, with the vessels and the bronchus ligated indwidualli It 
will be noted that the bronchus is closed w'lth interrupted silk sutures This ppe 
of closure, with simple ligation of the arterj and the \ein, is considered the method 
of choice 

about the bronchus and can be removed only after an exploration of 
this space (fig 4) 

Resection of the Right Lung — In total pneumonectomy on the right 
side, of w'hich I have had four cases, the dissection is slightly different 
and somew'hat more difficult than on the left side The azygos vein is 
piobably the best landmark for the beginning of the dissection The 
mediastinal pleura is incised, and the areolai tissue separating the right 
pulmonar}' artery from the azygos vein superiorl}', the superior vena 
cava antenoily and the superior pulmonary' vein and the posteiior w'all 
of the left auricle inferiorly is gentl)' dissected (fig 5B) The dispo- 
sition of the branches of the pulmonary artery on the right side differ 
to some extent fiom that on the left Running alongside of the epar 
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hmits meviously descnbed The fibeis of the pectorahs majoi muscle 
are divided along then coinse, and m only a few instances has it been 
found necessary to cut across them However, this entails no difficu y 
01 impairment of the postopei ative function of the muscle Ihe inci- 
sion 111 the iiiteinal intercostal muscles is made midway between the 
third and the fourth iib, so as to avoid the iiitei costal vessels, and the 
pleuial caMty is opened as speedily as possilile with piactically no loss 



Fig 1 — A shows the position of the patient on the toble during pneumontctomv 
on the left side An incision is made antenorlv m the third interspace This posi- 
tion allows full expansion of the opposite lung B shows exposure of the medi- 
astinal surface of the upper lobe of the left lung The anterior margin is laid back 
The mediastinal pleura is incised, exposing the pulmonary arter> In C below 
the scissors maj be seen the pleural mediastinal reflection The pericardial reflec- 
tion IS shown as it blends w'lth the mediastinal pleura after reflection off the sys- 
temic and pulmonary aortas 


of blood It IS surprising how extensive an exposure of the entire 
pleural cavity can be obtained by mere retraction of the third and fourth 
libs Occasionalh disarticulation of the third or fourth nb at the 
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than the diainetei of the main right pulmonaiy artei} Ho\ve\er, with 
caieful I eti action of the supeiioi vena cava (fig 5 C) and gentle sepa- 
lation of the infeiioi margin of the right pulinonar}^ aiteiy from the 
pulmonaiy vein and left auricle, the formci may be mobilized proximal 
to Its branches, and a hgatuie may be placed around it The light pul- 
monaiy aitei}' is, like the left, entiiely extiapcricardial, but it is longer 
than the lattei because it passes across tlie entire mediastinum from the 
left to the light side It has been the impression of many that the 
i ight A^essel is shortei than the left and that both are mtrapericardial 
As on the left side, it is tine on the light that if one dissects posteriorly 
It is peifectlv safe, for theie is nothing at these points posteriorly 
between the aiteiy and the pi unary bionchi of the right and left lungs 
except aieolai and lymphadenoid tissue, the latter of uhich, if a clean 
dissection is to be made, should be remored m any e\ent In my expeii- 
ence, the satisfaction of having the blood suppl}" completel}" controlled 
m this mannei has made the operation much casiei, and the opeiator 
may then pioceed with dehbeiation and confidence to the eradication of 
the mediastinal glands and the toilet of the bionchus, togethei vith the 
fleeing of any possible adhesions in the pleural cavity, and thus accom- 
plish a complete removal of all the tissue of the lung together v ith the 
l)'mphatic vessels This type of dissection has been followed out in my 
later cases, and m only one has the dissection been difficult In this 
case the patient had leceived a gieat deal of external radiation, and the 
fascial cleavage between the light pulmonaiy aiteiy and the sui round- 
ing stiuctuies was heavil}" scaiied Although it may be possible in 
some instances to lemove the lung b)’’ placing mass hgatuies aiound the 
hilus uithout dissecting out the vessels, m many instances the tissue of 
the lung that is left m such an unscientific pioceduie will ahead}" have 
been invaded by the malignant tumoi, and a lecurrence is certain 

In the lemoval of a lung it would seem that the same suigical piin- 
ciples should be observed as those followed in the ladical opeiation for 
removal of caicmoma of the breast The two piocedures aie ceitainly 
similai In removal of the breast the A'cssels aie dissected out m a 
meticulous mannei, and the contents of the axilla are entiiely jemored 
This opeiation has become one might say, almost standardized through- 
out the entile woild, and it is hardly too much to predict that the same 
type of caieful dissection of the hilus, with lemoial of the adjacent 
mediastinal glands, will be the procedure of choice in cases of malignant 
tumor of the lung and that the same standai chzation will prevail 
wherever this type of surgical woik is done as has been adopted in the 
surgical treatment of malignant disease of the breast Ceitamlv it must 
be admitted that the same hazards of an ultimate cuie confiont the 
opeiatoi in dealing with malignant tumor of the lung that aie piesent 
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the left pulmonaiy aiteiy occms almost immediately on its entiance 
into the pleural cavity Thi ee large antei loi bi anches emei ge ^ supp y 
the upper, middle and lower poitions of the supenoi lobe o the lef 
lune (fig and C), while comsmg below and immediately ^ch’”^ 
the pnmaiy bionchus is the large posteiioi bianch 1 his vessel is diffi- 
cult to eivpose and because of its i datively thin wall is vety easily and 
unwittingly tom The aiteiv fans out. as it weie so that its laige 
posteiior and smaller anterioi blanches intimately embrace the ante- 



Fig 3 — In A the suprapericardial mediastinal space described in the test is 
t\ell defined by the arch of the aorta, reflection of the pericardium, the bronchus 
posteriorly and the superior left pulmonary \em The dotted line shows the point 
of election for ligation of the artery The intimate association of the two anterior 
and the large posterior branches of the left pulmonarj artery w’lth the bronchus 
is demonstrated B shows the point of extrapencaVdial ligation of the superior 
left pulmonart vein and arterj, indicated b 3 ' the tapes Clamps have been placed 
on the anterior branches (1 and 2) to demonstrate the distribution of the large 
posterior branch m its relation to the left primary bronchus The departure of 
the first branch from the large posterior one is shown C shows the superior pul- 
inonarj vein ligated, exposing the bronchus The tape marks the lev'el at wdiich 
the bronchus should be divided This point is within the extrapencardial mediasti- 
nal space Tlie pulmonarv artery is further pulled aside, demonstrating the 
breaking up of the posterior branch into the first two smaller divisions 
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lesult of dnect tiauma or the indirect effects of local inflammation 
These factois tend to bieak down the protective mechanism of the 
patient It was evident in one case, in which total pneumonectomy on 
the light side was carried out on Nov 1, 1934, that excessive traumati- 
zation from an unskilful insertion of the tube resulted in traumatic 
tracheitis, ■n'hich later developed into confluent lobular pneumonia of 
the lemaining lung and resulted in the death of the patient Tracheal 
lales were audible in this patient b}^ the end of the operation, in spite of 
repeated attempts to aspii ate material in the ti achea One of the early 
patients, she uas placed in a modified Fouler position after opeiation, 
which allowed mucopurulent material to dram into the remaining good 
lung The subsequent clinical couise and findings led me to beheve that 
had the patient not undergone the original traumatization of the trachea 
and had she not been left in a semisitling position the pneumonia might 
have been pre\ ented Another practice \\ Inch I have given up, which at 
fiist seemed to be of ^alue was the distention of the lung immediatelv 
aftei the operation, paiticulaily aftci paitial pneumonectomy, before the 
thoiacic cavit}' was closed I have since abandoned this procedure 
because I beheve that organisms might be forced into the bronchial tree 
01 even into the alveolar ducts and m that wa}" might induce pneu- 
monia Unquestionabl}'', the more simple the administration of the 
anesthetic the less the danger, and it is my opinion that, except in cases 
of suppiuating infection in which aspiration may be necessary, it would 
be better not to introduce an intiatracheal tube 

POSTOPHRATIVE PROCEDORns 

The position of the patient in bed after operation is of pi line impor- 
tance in pi eventing lespirator^' complications It is adnsable to adopt 
the Trendelenberg position, with the foot of the bed elevated for the 
twenty-four houis following the opeiation, thus producing free bron- 
chial and tracheal drainage with the minimum effort on the part of the 
patient This position creates a tendency for mucus to dram toward 
the pharynx lather than towaid the tissues of the remaining lung 
Moreovei , the patient is placed on the side operated on, so that there will 
be no restiiction m the respiiator)' excursion of the side not operated on, 
and thus the maximum exchange of air may be accomplished with a 
minimum of effort Again, keeping the side not operated on in the 
elevated position favors bionchial drainage away from the alveoli 
toward the primary bionchus An oxygen tent is used as a routine 
for the first twenty-foui to forty-eight hours m order to minimize still 
further the respiratory efforts and to keep the blood well oxygenated 
Often, as the result of a tight diessing or because the patient is allowed 
to lie in a semisitting posture on the side opposite that operated on. 
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cardial leflevion, but this can be closed lei}' easily The sepaiation of 
the left pulmonaiy aiteiy in tins space is much more eas) of accom- 
plishment than dissection of the aiteiy in the space of 0 5 cm in which 
It lies fiee in the plemal cavity Paiticularly is this true if a tumoi 
IS involving the hilus of the lung oi extends high up into the bionchus 
These ciicumstances often lendei it physicall) impossible to ligate the 
pulmonaiy aitei) intiapleuially and therefoic leave the suigeon unable 
to cope techmcallv mth an otheiwise opeiable condition loi m such a 
ciicumstance he is almost sure to teai eithei directly into the aiteiy oi 
into one of its branches As there aie no branches nitbin this media- 
stinal space, the operatoi has only to sepaiate gentl) the aicolai tissue 
between the arter}' and its sunounding structures such as the aoita, 
the bionchus and the supeiioi posterior poition of the peiicardial sac 
In some instances this has been accomplished by a gentle maneuvering 
of the index finger, so delicate is this areolar tissue (fig 2 B) 

The pulmonary artery divides just outside the pericardial sac about 
1 5 cm proximal to the stump of the obhteiated ductus aitenosus and 
in this suprapencardial mediastinal space may be seen the beginning of 
the light pulmonary aiterj After ligation of the left pulnionar} aitery 
the mediastinal pleuia may be closed The superioi and inferior pul- 
monary veins can then be dealt with m the order named, as they are 
easily ligated within the pleural cavity, foi the branches of both the 
superior and the inferior \em converge before they pass into the peii- 
caidial sac In the space on the left side the bronchus also is easil} 
exposed, and a high amputation is therefore made possible In this 
senes of cases the closure of the bronchus has not been difficult oi dis- 
appointing The method employed has been as simj^le as possible, the 
closure of the bronchus being carried out m accordance u ith the general 
surgical principles that would apply to closing an incision in the skin 
The cartilaginous ring is chpped circumferentially, and the bionchus is 
eithei ligated with an encircling ligature of double medium silk or 
sutured with interrupted double medium silk sutures In only two of 
the ten cases have I experienced the slightest difficulty fiom the treat- 
ment of the bronchial stump and this occurred in the second and fourth 
cases In these cases a small opening appeared in the bronchus of the 
left lung connecting it with a walled-off cavit}^ -which has persisted for 
over two years but lias not caused the slightest embarrassment to the 
patient In both of these cases the bronchus rvas closed well out m 
the pleuial canty and therefore depended on its owm feeble granulation 
tissue for healing In the later cases the bronchus has been ligated 
w ithin the mediastinal space previously described wdiere the more vigor- 
ous granulation tissue of the surrounding areola is of undoubted value 
m the promotion of healing No cauterization either wnth the actual 
or with the chemical cauterv has been resoited to The bionchial 



PATHOLOGIC AND BIOCHEMICAL CHANGES IN 
SKELETAL DYSTROPPIIES 

ANALYSIS or rrsuLis or trizatuukt or par\th\roid 

OSTEOSIS 

EDWARD L COMPERE, MD 
cmcAOo 

An acciiiatc intci pi elation of changes in the hod} associated ^\Ith 
deniinerah/ation of the skeleton is dependent on knowledge ot the 
metabolism of the mineial elements nhich aie essential to the foimation 
and function of hone 

The bon}' skeleton of the human body is more than a supporting 
structuie It is a icservoii or stoiehouse of calcium and phosphouis 
Bone IS not an inanimate substance comparable to a block of stone oi 
a column of cement It is a living tissue made rigid enough to support 
the body by the calcium caibonate and phosphate salts biologically laid 
down in it In the adult as well as in the child these bone salts are 
continuously removed and renew^ed, so that theie are a constant flow 
of both calcium and phosphouis away from the bones into the bodj 
fluids and a redeposition of sinnlai salts, which have been absoibed 
from the intestinal tiact 

Calcium IS an element essential to the life of plants and animals 
In several foims, usually m combination with phosphorus, which ma\ 
be spoken of as phosphate of lime, it foims the principal constituent 
of bone The diied skeleton of the adult human body w^eighs about 
10 pounds (4 5 Kg ) Appi oxiniatel}' 5 pounds (2 3 Kg ), oi one half 
of this w^eight IS composed of calcium salts and most of the lest is 
organic mateiial consisting of dead cells and their fibious piojections, 
wdnch form a fine meshwmik in wduch the bone salts have been deposited 
by the cells 

Man deiives calcium piincipall)'- from milk, cheese, buttei, eggs, 
green r^egetables and nuts When the vaiious components of the adult 
body aie functioning noimall}' approximately the same amount of 
calcium IS absoibed from the food in the intestines and so i caches the 
bones b}'- wa}^ of the blood stream as that which is taken from the bones 
and lost to the body in the urine and w^aste mateiial of the low'er part 
of the bow^el 

Various factors influence this process of absoiption, deposition, reab- 
soiption and excretion oi loss of calcium Vitamin D, wdnch is present 

From the Department of Surgery, Division of Orthopaedic Surgerv of the 
University of Chicago 
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tenal bronchus on the right side is the first ventral or anterior branch, 
while occasionally, a second anterior branch supplies the lower portion 
of the upper lobe of the right lung, after which comes the slightly more 
deeply situated branch to the middle lobe (fig 5 C) The tributaries 
to the supenoi pulmonar}^ vein overlie the latter branch as rvell as t re 
large posterior division of the artery, which is by far the largest of the 
four However on diMsron of the superior pulmonary vein, which can 
be ligated wuth ease intrapleurally, the large posterior branch of the 
right pulmonary artery is exposed (fig 5 C) The difficulty of making 
an intrapleural ligation of the right pulmonary artery is at once appar- 



Fig 5 — A demonstratei. the position of the patient on the table during pneu- 
monectomy on the right side An incision is made anteriorly in the third interspace 
B shows self-retaining retractors spreading the third and the fourth rib apart 
The mediastinal pleura has been incised, and the right pulmonary artery and the 
right Superior pulmonary \ein are exposed The azygos vein is shown at the level 
of the bifurcation of the trachea The right primary bronchus is seen just below the 
azygos rein In C the superior pulmonary vein is ligated, exposing the first two 
ventral or anterior branches of the right pulmonary^ artery and the large descend- 
ing posterior branch The tape is around the artery at the point of election for 
hgation Areolar tissue surrounding the pulmonary artery has been gently 
removed by blunt dissection, freeing the artery^ from the primary bronchus poste- 
riorly, the azvgos vein superiorly, the superior vena cava anteriorly and the 
pulmonary vein infenorly A Kuttner dissector is shown freeing the superior 
vena cava from the right pulmonary' artery' 

cut, for the distance between the inferior margin of the descending 
blanch and the supeiior margin of the first ventral branch is greater 
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parathyioid glands, and the two distinct entities are still confused by 
some wiiteis as subtypes of a common foim of fibrocystic osteitis 
Von Recklinghausen, m a Fatschuft to Virchow, also described 
cases of osteomalacia and osteitis defoimans and 2 cases of generalized 
fibiocystic disease, he obviously considered all of the cases to be 
instances of slightly difteient manifestations of the same pathologic 
entity Although the skeletal changes in similar cases had been described 



Fig 1 — Photograph of the skeleton in one of tlie cases first described by 
Recklinghausen The multiple cystlike expansions of the bones and the many frac- 
tures and deformities are evident 

long before this time by Stansky and Engel, the condition of generalized 
osteitis fibiosa (parathyioid osteosis) is still spoken of as Reckling- 
hausen’s disease (fig 1) 

Askanazy described a case of generalized osteitis fibrosa in which 
a tumor of the parathyroids was noted at neciopsy Although his 
diagnosis of the skeletal changes was “osteitis deformans,’” the descrip- 
tion of the conditions noted at neciopsy indicates that it should have 
been osteitis fibiosa generalisata or parathyioid osteosis 
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with corresponding growths in the breast Again, m both the hi east 
and the lung it is possible to lemove the entue organ together with its 
draining l)mphatics Hence, it ivoiild appear that a complete scuipu- 
lous dissection, which is admitted to be necessary foi the former, is 
equally important for the latter Few, if any, viscera m the bod) can 
be 1 enrol ed m then entirety iiith as little incapacitation of the patient 
folloMing surgical iirtei veiition as m the case of the lung If, as it 
would seem, resection of the lung is a feasible operation, with results 
comparable in immediate and remote mortality as well as m postopera- 
tive incapacitation to similar operations elsewhere m the bod}^ then to 
give It a place among other recognized technical, safe and woith while 
surgical proceduies the operation must include a careful meticulous dis- 
section of the hilus and its lymphatics 

ClosHie of the IFouud — In this senes of cases it has not been nec- 
essar) to perfoim a thoracoplasty, even wdren prorrounced displacements 
of the mediastinal vessels had occurred Closure of the wall of the 
chest has been very simple Three pericostal braided silk sutures are 
placed through the second and fourth interspaces and encircle the third 
and fourth ribs The latter are then held togethei by a rib appioxi- 
mator while the sutures are tied The overlying pectoial muscle and 
fascia are brought together with interrupted silk sutuies The skin is 
closed in a similai manner Drainage of the thoracic canty is not resorted 
to, because the accumulation of serum and plasma associated with the 
latei formation of an obliterating fibrinous clot is desiiable If the 
patient has been propeily prepared and the suigical technic has been 
good there should be no necessity for drainage 

T\PE or ANESTHETIC AND ITS ADMINISTRATION 

In all these cases tn-brom-ethanol m amylene hydrate was used, the 
dosage being 80 mg per kilogram of body weight, by rectum This 
basal anesthetic was supplemented with nitrous oxide and oxygen, given, 
except in two cases, without an intratracheal tube A high percentage 
of oxygen was used during the operation, with a small percentage of 
nitrous oxide The anesthesia was very light, and the movements of 
the diaphragm and mediastinum after one had become accustomed to the 
rhythm uere of no great inconvenience Whether or not an intra- 
tracheal tube should be used is still an unsettled question It cannot 
be denied that the insertion of a tube through the mouth into the trachea 
must always carry organisms into an otherwise sterile region, for it is 
ceitainlv probable that in the uninfected patients with tumors of the 
lung the trachea is sterile Furthermore, traumatization of the mucosa 
of the trachea caused br^ the tube uould produce a mucopurulent exu- 
date and at the same time interfere with the movements of cilia as the 
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tlie gloss 01 the micioscopic picture of bone involved by Reckling- 
hausen’s disease and that presented by a section of bone in a case 
of Paget’s disease The clinical picture of several of the abnormal 
skeletal conditions mentioned may be similar to that of generalized 
osteitis fibrosa (Recklinghausen’s disease), which I prefer to call para- 
thyroid osteosis But while these diseases are clinically, loentgen- 
ologically and pathologically somewhat similar, there is a difference 
in the biochemical manifestations, as demonstrated in studies of the 
mineral metabolism Parathyroid osteosis is characterized by a high 
calcium content of the seitim. a low percentage of phosphates in the 
plasma, an increased excietion of calcium m the urine and a negatne 
calcium balance 

ANALYSIS or THi: KHPORTCD CASrs 01 PARATHVROID OSTEOSIS 

A stud) of the cases of paiathyroid osteosis described since the 
report of Mandl shows that an adenomatous tumoi of one or more 
parathyroid glands has ah\ ays been obscr\ ed at postmortem examination 
and nearl}' always at opeiation Table 1 gives an analysis of 75 reported 
cases of generalized fibroc} stic disease in which significant clinical data 
weie repoited and one or moie tumors of the parathyroids were reinored 
at operation A more detailed analy^sis of these proied cases of para- 
thyroid osteosis IS shown m table 10 

The cases listed m table 2 were leported independently by other 
investigatois, and they are also included m table 1 Data in the more 
detailed analyses of these cases presented in table 10 were obtained 
from a study of the reports of all the authors 

The analyses of 30 cases of paiathyroid osteosis m which it was 
reported that adenomas of one or more parathyioid glands were observed 
at operation are included in table 3 Balhn reported successful opera- 
tion in 22 cases of generalized osteitis fibrosa, but protocols of his cases 
have not been published The clinical data on the other cases listed m 
this table are not sufficient to substantiate the diagnosis, although the 
reported discovery of adenoma of the parathyroids at operation indicates 
that the clinical diagnosis of paiathyroid osteosis was confirmed 

With the exclusion of 1 duplicate, S cases aie listed in table 4 in 
which a diagnosis of hyperparathyroidism was made but no tumor was 
observed at opeiation Improvement was lepoited aftei removal of 
one or more normal glands in the cases of Cooley, Hannon, Shorr, Mc- 
Clellan and DuBois , Hitzrot and Coinroe, and Landon The youngest 
patient with a condition diagnosed as hyperpaiathyroidism to be sub- 
jected to operation for this disease was one of Landon’s, a boy aged 
2}4 3 ’^ears Roentgenograms and data on this case were submitted to 
consulting physicians, including Dr Fuller Albright, who concurred in 
the diagnosis That tetany did not follow excision of three normal 
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seuous anoxemia de\elops insidiously, hence, eveiy effort should be 
made to give peifect fieedom to the side not operated on It is not 
necessary to put on a tight di essing with a large mass of adhesive plaster 
wiapped around the wall of the chest Another advantage of keep- 
ing the patient m the Trendelenberg position is that the clot of plasma 
which foimed m ail my cases was moie oi less evenly distributed 
thioughout the empty space and w'as as abundant at the apex as at the 
base This even distiibution is desirable because it supplies a covering 
of the lawf suiface at the hilus of the lung wnth a fibiinous clot that 
goes on lapidly to oigamration, and this undoubtedly expedites the 
closuie of the bronchus and insiues at least a complete walling oft of 
this legion fiom the cavity that lemains 

No diainage has been employed, noi has thoracentesis been neces- 
sai}', 111 the cases of total pneumonectoni} The accumulation of plasma 
IS looked on as a desirable feature, and the less it is disturbed the more 
rapid wall be the deposition of fibiin woth its subsequent organization 
Aftei foit} -eight houis the patient can be put m a semisitting posture, 
but he should never be kept in one position throughout the twenty-four 
hours The elevation of the bed and the position of the patient in the 
bed should be changed every two hours during the day and night 

Since It is only by the relation of the experience of those particularly 
interested in this field and by a full discussion of the lesults that one 
may hope to make constant improvements in one’s methods, it is with 
this object in view^ that this leport is offered 
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in cod liver oil, buttei and a numbei of othei oil} substances and also 
in the skin of the body lu an inactive form, is impoitant in the absorp- 
tion and deposition of calcium salts Ultraviolet ladiation from the sun 
or similar radiation from therajieutic lamps activates the sterols, which 
are normally piesent in the skin in large quantities, and libeiates 
vitamin D The absence of a sufficient amount of this vitamin m the 
diet and of sufficient sunlight oi othei sources of ultraviolet inadiation 
of the cutaneous sui faces of the body lesults in failuie of absorption 
and deposition of sufficient bone salts In the gi owing child this 
deficiency is characterized by weak bones which bend easily, producing 
a condition known as rickets 

The secietion or hormone of the paiathyioid glands plays an impoi- 
tant role m the metabolism of calcium and phosphorus Expeiimental 
evidence offered by Johnson and Wildei and con filmed by Jafte and 
Bodansk} indicates that vitamin D either acts on the paiathyioid glands 
to stimulate a greatei secretion of the hormone or in some othei way 
aids this hoimone in the mobilization of calcium from the skeleton The 
continued admmistiation of paiathyioid extract to young puppies, 
guinea-pigs or labbits leads to geneiahzed fibrous changes in the bones 
identical with the clinical condition which has been lecognized b} the 
name of generalized osteitis fibrosa oi osteodystrophia fibrosa (Jaffe 
and Bodansk}, and Johnson and Wilder) and more recently by a better 
descriptive term, suggested by Lievie, paiathyioid osteosis In experi- 
mental hyperpaiathyroidism the changes m the bones aie more marked 
if viosteiol IS given m conjunction with the parath}ioid extract 

The work of Robison and Kay and their collaboi ators has shonn 
that an enzyme called phosphatase also has a pait m the foimation and 
physiologic action of bone 


HISTORY or GENERALIZED SKELETAL D\STROPH\ 

Denmngcr has described the skeleton ot an American Indian fiom 
a burial-mound m northern Illinois of about 1,000 A D The lesions 
of these bones were considered to be those of generalized osteitis fibiosa 
Until the latter pait of the nineteenth century no distinction was made 
between the diseases charactei ized by softening of the bones, and all 
the disoideis were classified under the term “osteomalacia" 

In 1839 Stansk} desciibed in detail the study of a roalacic skeleton 
fiom which most osseous elements had been lost and replaced by cysts 
and 1 eddish tumors Engel described a similar case in 1864 

A chronic inflammatory disease of the bones described by Paget is 
still lecogiiized by his name or by the descriptne term osteitis deformans 
Unf ortunatel} , this disease was confused with the generalized fibro- 
cistic disease which is lecognized to be due to tumor or tumors of the 
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Of 14 cases included in table 6, those of Chiistellei, Duken and 
Toenniessen and von PJeckei may be classified as piesenting adequate 
data to justify the diagnosis of paiathjroid osteosis 

In 4 of 10 cases in which the diagnosis w'as parathyroid osteosis 
and the patient was subjected to roentgen iriadiation over the thyio- 


Table 5 — jViiic Cases of Hvpci paiaHiyi ouh^m in Which Vo Tuttioi IVas Seen 
at Opciatioii and No Nonnal Glands Wen Removed 


\utlior 

So\ 

\f,e, Vr*- 

Comment 

1 Bull 

2 Bereinann 

W 

'•.0 

Condition imclinngcd subtotal thyroi 
declomj no parathyroid tissue noted 
\o tumor noted 

3 Compere nnil Plipiiii'ttr 

1 

0 

Nodule remo^cd proved to be tissue of 
tbe tb%rold gland 

■1 Dresser 

1 

*>*» 

No tumor noted Irradiation Inter but 
no Impro\cment 

5 Elmsllc et il 

1 

20 

No Impro\ement, regional o'teltls 
fibroin (?) 

C TerebinoLB 

1 

■» 

No parathyroid tiscuc removed but 
small nodule of colloid thyroid tissue 
excised 

7 Wendol (cn‘-e 1) 

1 

20 

No definite improvement tumor removed 
proyed to consist of colloid thyroid 
tissue 

S W'lnter 

1 

12 


9 Wood 


• 

No tumor noted clinical diagnosis 

In pert In roldlem 


Table 6 — Cases in Jl'hich the Clinical Diagnosis of IJypct paiathyroidisiii JVas 
Made and No Opciation JVas Pci formed 


\uthor 

Sex 

^tc, 1 r« 

Comment 

1 Barr and Bulger 

r 

11 

1 y idence not sufficient to justify pre 
sumptne diagnosis of hyperparathy 
roldism, blood chemistry nonnal 

2 Barr and Bulger 

1 

21 

Probably regional osteitis flbro'a 

3 Brndflcld 

At 

13 

Jlincral metnboli'in reported normal 

4 ChristcIIer 

r 

19 

Calcium content of the serum from 

H to 17 mg 

3 Duken 

r 

' 

Diagnosis of adyaneed rickets and 
osteodystrophia fibrosa 

C Duken 

1’ 

11 

Same diagnosis ns in preceding cn=e 
palpable tumor m the neck 

7 Giordano 

1 

21 

Data lacking 

S Giordano 

9 Kiembock and Slorkoy u« 

M 

•JS 

Data latking 

Possibly Paget s disease ^ 

10 Ortenberg 

M 

09 

Probably Paget s disease, calcium ann 
phosplionis contents normal 

11 Regnier 

F 

IS 

Rrported Improvement from 
tion of Mostcrol 

12 Taycnner 

r 

To 

studies of mineral metabolism ^ 

13 Toenniessen and y on Hceker 

r 

o2 

Calcium content, 16 mg , bilateral renui 

14 Young and Cooperman 

r 

21 

calculi , f Txnrfl 

Inadequate data no «!U=pition oi para 
thyroid tumor 


paiathyioid glands, definite impiovement oi cuie was reported This 
improvement included the healing of cj'sthke aieas in the femur m the 
case of Meiiitt and of similai aieas in the mandible in Hellstrom s case 
No repoit of subsequent obseivation was gnen bj' Chabe Bicdl reported 
on experimental studies m wdiich he iiiadiated the paiathyioid glands 
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Erdheim descubed 3 cases of osteomalacia associated with enlarge- 
ment of the paiathyioid glands He expiessed the belief that the 
enlargement of the glands nas due to simple h)peitioph} oi h 3 ^perplasia 
and was part of a compensatoiy mechanism to oftset the loss of calcium 
The results of lecent studies of Wildei, Bauei and otheis indicate that 
the type of osteomalacia m the adult that is due to deficienc> of mineral 
and vitamin m the diet is the equivalent of iickets and that the enlarge- 
ment of the paiathyioids m such cases maj be, as Eidheim suggested, 
compensatoiy h)'peiplasia 

While studying a case of osteitis fibrosa cystica, Schlagenhaufer 
reconinieiided the lenioval of double palpable tumors of the parathyroid 
glands Marescli one of his associates, concurred m this opinion, but 
J Bauei, the surgeon who was lesponsible foi the lesults in the case, 
rejected the suggestion as too radical and daiigeious Mandl, however, 
was possessed of a more adventurous spirit In 1925 he attempted to 
apply Erdheim’s tlieoiy in a case of multiple fibrocjstic disease Foui 
parathyroid glands taken nnmediatel) after death fiom the victim of 
an accident vere successfully tiansplanted in the abdominal wall of a 
man, aged 38, with geneialized osteitis fibrosa, but the disability became 
definitely worse aftei the transplantation Mandl then decided that the 
aforementioned enlaigement of the paiathyioid glands m cases of similar 
skeletal conditions might be a cause and not a result of the changes m 
the bones In an exploratory opeiation he observed a tumor behind the 
left lobe of the thyroid gland and excised it, and at the same time he 
removed the paiathyroid glands which had been tiansplanted to the 
abdomen The tumor proved to be an adenoma of a parathyroid gland, 
and after its removal the condition of the patient steadily improied 
From the studies of Mandl, Barr, Bulger and Dixon, Boyd, Milgram 
and Stearns, Hunter, and Churchill and Cope, and the investigations 
which ni)'^ associates and I have made in this clinic, in which the diag- 
nosis was confirmed in 124 cases by observation of tumor of the para- 
thyroids at operation or at necropsy, parathjroid osteosis can now 
be defined as a definite clinical syndrome This type of osteodysti ophy 
IS due to hyperparathyroidism associated with an adenomatous tumor 
of one or more of the paiathyroid glands It is a chronic disease, 
which progresses nith pain, fractures and disabling deformities, and 
the outcome may lie fatal There is generalized demineralization of 
the bones of the skeleton and multiple foci of osteitis fibrosa, -with 
oi without benign giant cell tumors and cysts, are common It is 
a disease entity differing from local oi regional osteitis fibrosa osteitis 
deformans, osteogenesis imperfecta osteomalacia, rickets and ankylos- 
ing pol} arthritis The similarity m the roentgenographic findings of 
sereral conditions in this group is nell known and the most experi- 
enced pathologist may at times find it difficult to differentiate between 
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In table 8 arc included the cases of adenoma of the paiath}ro]d 
g-lands discoveied at neciopsy dining the yeais since MandJ reported the 
lemoial of a tumoi of this type at opeiation in a case of multiple fibro- 
cxstic disease (An exception is the case of Dawson and Struthers, 
lepoited III 1923 ) In 19 of the 21 cases the diagnosis of the skeletal 
pathologic condition was geneiali/ed fibiocystic disease, but m 1 case 
studied b} Pladfield and Rogeis theic wcie no changes in the bones, 
while the othei exception was a case of acromcgal} The association 
of parathyioid tumoi and aciomegal}' will be icfeiicd to in another sec- 
tion of this papei Ihe lepoits of the neciopsy weie not complete in 
all the cases lefeired to in the table, but in 6 eithei calculi oi deposits 
of calcium m the kidneys were mentioned 

A leiiew of the s\mptoms of the patients icpoited on b}' laiious 
wiiteis and the obseivations at examination leicals a numbei of similar 
conditions All the patients whose histones wcie given complained of 

fAim 9 — Suiinnaiv of Data tii Casa of Pai atJiv> oid Odcosis 


Dntn >0 oI Cases 

Vclequntc ellnicnl cliitn ndenomn ob'cncd nt operntlon 75 

Imdequnto dntn ndtnoinn reported nt operntlon (cnscs of Schnnbcl nnd \on Pl'qut 
discarded ns possible duplicntes) 23 

Clinicnl diagnosis no tumor seen nt operntlon, but one or more normal (.lands remoted 3 
No tumor noted no ftlands remoted 8 

Dincnosls of flSrocjstic dbensc Mliicli nns tlionclit to be due to pnrntlnrold ndenomn no 
operntlon performed to «eck the tumor (cases not counted in nlilcli dntn nerc Incoin 
plete or dintnosis pus doubtful) 4 

1 rentment be roentfjen Irradiation W 

Clinical diagnosis but pnrutherold tumor obserted onl\ nt nutopse 21 

'fotal number of eases of piirntb} roid osteosis stiullcd 153 


piogiessive musculai weakness, pain in oi bmviiig of the -weight-bearing 
extiemities and geneial lassitude But in the case of Chievitz and Olsen 
there was no hypotonia oi decicase in musculai iiritability In all the 
patients osteopoiosis of the bones of the skeleton was noted 

OSTPOMALACIA AND KICIvETS 

The meie lecognition of osteopoiosis of the human skeleton asso- 
ciated with hypotonia and deci eased nritability of the muscles to elec- 
trical stimuli, wuth 01 without elevation of the calcium content of the 
serum, is too little evidence on wdiich to base a diagnosis of ovei function 
of the paiatltyioid glands The piesence of enlaiged paiathiioid glands 
in the absence of a negative, oi at least a i educed, calcium balance does 
not justif} the lemoval of the glands Hyperplasia of the parathyroid 
glands may be a puiely compensatoi} enlargement in lesponse to a 
demand of the oiganism lesulting from deficiency in the absoiption of 
calcium fiom the bow^el This has been demonstiated chnicall}" m cases 
of deficienc} diseases such as osteomalacia and iickets b}^ Hoftheinz 



Table 1 — Rcsu'ts of Rcow^al of Enlaigcd Paiafhrioid GJauds (Adciwiiia) m 
Cases of Osteitis Fibtosa Gcnciahsata (Paiathvioid Osteosis) 


Liitlior 


1 VHcn and Camp 

2 AskDpmark 

3 Bibcock 

i Barr and Bulger 

j Barr and Bulger 
6 Beck 


7 Beyennek 

S Boy d,Milf,rain and Stearns 
a Chieritz and Olsen 

10 Churclnll and Cope 

11 thuKluIl and Cope 

12 Cliurcliil! and Cope 

13 Churchill and Cope 
U Churclnll and Cope 
Id Chuuhili and Cope' 


1C Churchill and Cope 
17 Churchill ind Cope 
IS Churchill and Cope 

19 Churchill and Cope 

20 Churchill and Cope 

21 Cohen and Kellej 

22 Compere 

23 Cooley 

2-1 Copello and Barlaro 
25 Cosin 
20 Eggers 

27 Elm&he Eraecr, Dunhill, 
Vick, Harris and Dauphmet 
2S Elraslicet al 
20 Elmslie et al 
oO Frugoni ind Alessandri 

31 Gold 

32 Gordon lay lor, Biles ind 
Baker 

33 1 on Hecker 

34 ” 

3d 

30 xlUiAltl 

37 Hunter 

38 Hunter 

39 Hunter 

40 I anz 

tl l-eri, Lay am, Lite re and 
B'ciU 

42 Handl 

4 , May and Lli \ re 
44 Pemberton and Geddic 

43 Quick and Hunsberger 

47 

43 « u 

49 Sehlesinger and Gold 

50 8pl„,„r 
dl 

d2 

•siruther^ 

ToUind 
”>5 'lolnnd 
A enable^: 

57 ‘Wanlve 


dS tVeil, Langlois md Dmlo 
mircscu 
'9 Wlclunann 

00 BiUlcr 

01 tVildtr Caiiip. Bohertsoii 
ind Idums 


kge. Result of 

S(\ lears Operation 


A S!\ty One Cases 



? 

Improy ement 

r 

43 

Death 

p 

25 

Death 

F 

56 

Improy ement, 
death later 

H 

3S 

Improy ement 

r 

41 

Death 

r 

35 


M 

21 

Improy ement 

r 

25 

Improy ement 

E 

46 

Relief 

r 

CO 

Improvement 

r 

13 

Improy ement 

F 

41 

Improy ement 

r 

55 

Improy ement 

M 

34 

Impioy ement 

F 

36 

Improy ement 

r 

44 

Improy ement 

M 

So 

Improy ement 

F 

54 

Improy ement 

V 

o3 

Improy ement 

F 

48 

Improy ement 

F 

59 

Improy ement 

F 

14 

Improy ement 

H 

o4 

Improy ement 

31 

17 

Improy ement 

F 

39 

Improy ement 

F 

42 

Improy ement 

F 

26 

Improy ement 

F 

23 

Improy ement 

F 

18 

Improy ement 

F 

54 

Improy ement 

F 

20 

Improvement 

Improy ement 

P 

42 

Improy ement 

r 

44 

Improy ement 

F 

41 

Improy ement 

P 

37 

Improy ement 

r 

49 

Improy ement 

p 

51 

Improy ement 

H 

50 

Improvement 

31 

31 

Improvement 

M 

3S 

Improy ement 

3t 

45 

Improy ement 

F 

14 

Improy ement 

31 

25 

Improvement 

F 

50 

Death 

F 

24 

Improvement 

31 

36 

Improvement 

F 

42 

Improy ement 

F 

51 

31 

56 

Improy ement 

P 

35 

Improy ement 

F 

3S 

Death 

F 

00 

Death 

P 

42 

Hehef 

i 

52 

Improy ement 

F 

41 

Death 


F 

44 

Improy ement 

F 

45 

Improvement 

i 

S2 

Improy ement 

r 

4S 

Improy ement, 
death later 


Period ot Otiscn ation 
after Operation 


10 months 

11 days 

Seyeral days, death from 
pulmonary embolism 

14 months 

2 months 

20 days, necropsy reyealed 
no remaining parathy 
roid tissue 

3 months 

10 months 

25 months 

15 months 

13 months 


G necks death from 
uremia and shock after 
rcmoyal of kidney stone 
0 months 

3 months 

10 iTceks 

3 months 

4 years 

4 months 

5% months 

7 months, death from 
accident 

2 years 

20 months 
16 months 
4 months 

3 years 


13 months 
9 months 

17 months 2 adenomas 
10 months, 2 adenomas 
10 months 
5 months 

16 months 

3% years 

3 months 
1 month 
1 month 

4 days 
1 year 


2 years 
10 months 

Accident a feu days 
4 months 


19 diys, large adenoma 
and a second glind, the 
size of a coffee bean 
removed 
3 necks 

3 months 
IS months 

10 Tveeks, pain diminished 
but tetany and later 
nausea and yomiting 
developed 
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the diagnosis of paiathyioidism if all othci S3'mptoms speak for it ” 
The most definite and pathognomonic finding in cases of tine hypei- 
paiath3'roidism due to adenomatous tunioi is that of a negative calcium 
balance, but Bauei and his associates have found that in 61613^ case of 
ank3’'losing pol3'aithiitis in then senes the calcium balance was positive 
No 1 epoi ts ha^^e been published b3'^ the authoi s w ho advocated para- 
th3 1 oidectomy in cases of ank3dosing pol3^aithntis to show' the lesults 
of then studies on the metabolism of calcium and phosphoius 

Lei idle and Jung repoited slight elevation of the calcium content 
of the serum m only 3 of 20 cases of ankylosing potyarthritis w'hich 
thev studied Paiath3ioidectom3' w-as attempted m each case Marked 

Tablf 12 — Ritmmaiv of Cases of Ncpin ohthiasis and Hypoplasia of the 
Pa> athyi Old Glands Without Decalcification of the Sfcictoii 


Autlior 

Sc\ 

Age, 

Fears 

Calcium, 
SIg per 
100 Cc 

Thos 
phates, 
SIg per 
100 Cc 

Coiniiicnt 

Albright, Aub nncl lluuer 
(case 12) 

r 

51 

11 5 

3 1 

Bcnal calculi colic, no ostco 
porosis, no adenoma noted 

Albright, 4ub mil Bailor 
(ease 13) 

M 

22 

13 8 

2S 

Bcnal calculus on right side no 
osteoporosis rcmoial of 1 
large hyperplastic parathjroid 
gland, iinproiement reported 

4Ibright, Aub and Bauer 
(ease 15) 

r 

C2 

riO 

2 2 

^o deealcificntion bilateral 
hidnej stones 2 large parathj 
rold glands (h 3 perplastic) and 
part of a third remoied, no 
subscQucnt report 

Albright, Aub and Bauer 

SI 

26 

10 7 

1 7 

Bo sheletal changes 2 stones 
m right ureter, 2 hyperplastic 
parathyroid glands removed no 
subsequent report 

Albright Aub and Bauer 
(case 17) 

F 

55 

121 

21 

Ureteral stone, no changes in 
the bones S large glands and a 
portion of a fourth removed no 
tetanj hjperplasia, no subsc 
quent report 


S3'mptomatic impiovemcnt w'as lepoited in the fii st case, but siv months 
aftei the opeiation the patient suffeied a 1 elapse and was woise than 
at the time of the fiist admission The authoi s at this time tned the 
mtiamusculai injection of paiathyroid extiact m this patient and again 
leported improvement In the second and thud cases theie w'as also 
impiovement, but the pathologist was not able to discovei paiathyroid 
tissue 111 the specimen lemoved in the second case Appaientty, the 
improvement m this case ivas just as niaiked as 111 those in w'hich the 
pai athyi Old tissue was definitely excised 

In a number of cases studied bj Ssamarin 111 which opeiation w'as 
peifoimed by Oppel, no parathyioid tissue ivas noted m the specimen 
lemoA/ed That the patients show'ed miprovement compaiable to that 
of the patient whose glands w'eie lemoved indicates that anothei factor 
must have accounted foi this change M^elti and Bauei agieed with 
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glands in a child is sinpnsing and it suggests that tumoi of the para- 
thyioids uas piesent but was not noted by the suigeon The i elapse 
in the case of Hannon, Shon, McClellan and DuBois and the subse- 
quent ohseuatton b} Chui chill and Cope of a mediastinal tumoi m the 
same patient causes one to doubt whether the lecover} lepoited m the 
othei cases m which only noimal glands nere excised mil be lasting 


lABLT o—riwlv Cases in Which an Adenoma of the Paiathyioids IVas Removed 


at Opciation 

But Clinical 

Data 

IFcic Not Rcpoitcd 

Author 

1 Ballin 

2 vonDiique 

Se\ Age Ars 

Comment 

Tvvcnti two cases of generalired osteitis 
fibrosa, detailed reports Inching 
Improvement reported adenoma, prob 
ablj same case ns that of Rosenbach 
and von Di«qu6 

3 Dresser and Hampton 

r 

44 

Adenoma removed 

4 Hampson and O'man 

VI 

14 

Cited bj Cosin 

5 Hampson and Osman 

6 Ecdwitz' 

F 

4S 

Cited by Cosin 

Too recent for report, adenoma the size 
of a cherry stone 

7 Schnabel 

S Schaldemosc 

M 

2G 

Improvement probably same case as 
that published bs Quick and Huns 
berger 

Improvement 2 adenomas, cited bv 
Chievitz and Olsen 

9 Shallow (ca=e 1) 

r 

29 

Improvement 


Table 4 — Eight Cases of Hvpci paiathyi otdtsm in Which No Tnmoi JPas 
Obscivcd at Opciation But One oi Moic Paiathvioid 
Glands IVctc Relieved 


Author 

Sev 

Age, Ars 

1 Barrenscheen and Gold 
*■2 Bautr, Albright and Auh 

M 

13 


3 Coolej 

F 

iv/> 

■1 Dres«er and Hampton 

F 

41 " 

*5 Hannon Shorr McClellan and 

VI 

30 

Du Bois 

G Hitzrot and Comroe 

r 

d'f 

7 Landon 

M 

2M. 

12 

17 

S Shallow, case 2 

9 VVendel, cn=e 2 

M 


Comment 

Ao improvement 1 jear after operation 

Same case ns tint reported bv Hannon 
Shorr et al Eichardson, 4ub and 
Bauer, and others 2 normal glands 
icmored 

Improv ement 

Later irradiation of glands no im 
provement 

Improvement 2 years after operation 

Improvement 5 months later 

Improvement, 3 normal glands removed 

Ao improvement 


a largo medmnm«raaenonmof%Vep^ Churchill ind Cope (table 1) observed 


Suppoitive iiieasmes, including an iiici eased mineral intake, ma) account 
loi the iinpi oveinent leported in several cases 

Nine cases are repoited in table 5 in which no tumoi of the paia- 
tlnroids could be observed at operation No paiathyioid glands were 
removed In the cases of Wendel, Terebinskiy and Dr Phemistei 
and ine,^ a tumor was excised, but it proved to be a nodule of the th>roid 
gland No improvement was noted in any case 


1 bnpubhshed data 
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me that the evidence is not sufficient to show that in an}' case of ankylos- 
ing aithiitis theie was also true hyperparathyi oiclism, although some 
symptoms of this condition may be found Furthermoie, it is significant 
that ank} losing polyarthritis was not desciihed in any of the 124 leported 
cases of geneialized osteitis fibrosa, m most of which the calcium content 
of the seuim was high and the amount of inoiganic phosphates low 
and m which an adenoma of the paiath 3 aoids was lemov'ed at operation 
01 on postmoitem examination Bodansky, Blan and Jaffe and Johnson 
produced t}pical geneialized osteitis fibiosa in expeiimental animals by 
injecting paiathyroid extiact, but in none of these animals did arthritis 
develop Theie is evidence that ankylosing polyaithritis ma} be a 
deficiency disease, similar to rickets oi osteomalacia The typical micro- 
pathologic picture of the enlarged paiathiioid glands in all thiee con- 
ditions IS that of simple hypeiplasia and may lepresent a compensatoiy 
change (fig 2 A) The success of Fletchei in ti eating multiple arthritis 
by means of diets iich in vitamin and inineial content lends suppoit to 
this theory 

OSTEITIS DEFORMANS (pAGET’s DISEASE) 

In Paget’s disease the calcium metabolism, as demonstiated m the 
piesent senes and also bj Hunter, Rabinowitch, Van Hazel and 
Andrews, and DeCosta, Funk, Bergenn and Hawk, usually shows a 
maiked positive balance with a gieatly diminished excietion of calcium 
by the kidneys 

A leview of 9 cases of Paget’s disease studied in the University of 
Chicago Clinics during the past five years is presented The ages 
of the patients ranged from 53 to 67, aaIiicIi confiims the impres- 
sion that osteitis deformans is a disease of late adult life In each case 
theie was pain in the lowei pait of the back oi in the lowei extiemities 
The calvarium was involved in only 4 cases A/'aiious types of therapy 
weie used, but it is difficult to estimate the value of any of them The 
average calcium content of the blood serum was slightly lowei than 
noimal, and the phosphouis content of the blood slightly highei, before 
medication was begun Theie was a slight inciease in the calcium con- 
tent of the blood and a deciease in the phosphorus content aftei therapy 
with viosterol oi paiathj'roid extract was instituted 

Eidheim obseived no tumoi of the paiathyroid glands at autopsy m 
patients with Paget’s disease Gold lepoited the pathologic studies of 
Maresch, who made postmoitem examinations of the parathyroid glands 
in 40 cases of Paget’s disease, and those of Schmoil, who completed 
170 neciopsy studies of Paget’s disease No tumoi of the parathyioids 
was noted in the entne senes Excision of parathyioid glands in cases 
of osteitis deformans may be an erroi, as thyi oidectomy would be m 
instances of myxedema 
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of noiinal dogs with 2,000 loentgen units without eftect on the amount 
of calcium oi inoiganic phosphates in the seium I earned out inde- 
pendently a similai expeiiment, the paiathjioid glands being u radiated 


Tabif 1 — Cases m Which the Chmeal Diagnosis TFa5 Paiathyioid Osteosis and 


Roentgen Thciapv 

IVas 

Gwen to 

the Paiathyioid Region 

Author 

Son 

Age, Ars 

Comment 

1 Bicdl 

P 

19 

Improy ement 
•Helium” therapy 

0 Ch£tb6 

P 

33 

3 Compere and Phemistcr 

P 

3G 

Irradiation after failure to find para 
thyroid adenoma at operation im 
proy ement doubtful after 3 months 
(table 5) 

4 Dresner 

P 

41 

Irradiation after removal of 2 normal 
glands no improvement (table 4) 

1 Dresser 

r 

35 

Irradiation, no improycmnt (table 5) 

C Gutman, Srvenson and Parsons 

r 

CO 

Irradiation in a far advanced stage, but 
the patient died 2 adenomas noted it 
necropsy (table 8) 

7 HcHstrom 

1 

54 

Irradiation only, improvement cyst of 
mandible healed 

8 Merritt 

r 

"4 

Improvement patient “cured” 

9 Weil, Aime and Lnnglois (case 1) 

p 

40 

Improvement latei death from uremia 
no report of autopsy 


Table S — Cases in IVlttch Paiathyioid Adenomas IVcic Obscived at 
Postmoi tern Evaminafion 


Author 


Sex tfcc, Irs Comment 


1 Ask Upmark 

M 

40 

2 Berner 

P 

40 

o Berner 

P 

47 

4 Dawson and Struthers 

il 

40 

) Hadfleld and Rogers 

P 

jS 

G Hadfleld and Rogers 

M 

51 

7 Giordano (case l) 

r 

20 

8 Gutman Swenson and P irsons 

p 

00 

9 Hankc (case l) 

r 

oo 

Ot> 

10 Hankc (ease 2) 

r 

49 

11 Lambic 

r 

30 

12 Lcb 

1 

42 

40 

13 Noble 

i. 

M 

14 Parrcira and Prelrc 

15 Repnua, Petit Mairc nnci Tajot 

16 Sainton and Millot (case 1 ) 

17 Sebupp 

18 V ~ 

P 

P 

„0 

51 

19 

20 

21 iwiiuvt 

M 

P 

P 

47 

48 
41 


Adenoma sizo of hazelnut deposits of 
calcium m kidno 
Adenoma, renal calculi 
Vdenoma, renal calculi 
Parathyroid tumor 

Soft, jcllow, cystic tumor, no sLclct il 
changes 

Palisading of cells, no acmi but definite 
tumor, clinical diagnosis, acromegaly 
Adenoma 

Irradiation of 2 cystic adenomas 
(table 7) 

Two adenomas deposits of calcium in 
kidneys blood calcium, IG 9 mg 
'Psio adenomas deposits of calcium in 
kidneys blood calcium, 23 4 mg 
Parathyroid adenoma, strum calcium 
17 mg , phosphorus, 2 7 mg 
’luo adenomas 

Parathyroid adenoma, a few small cal 
cified masses in kidneys serum calcium, 
13 mg previous unsuccessful cxplora 
tory operation for tumor 
Parathyroid tumor 

Retrosternal adenoma of parathyrod 
Adenoma 

Parathyroid adenoma 
Adenoma size of hazelnut 
Adenoma of parathyroid 
Small adenoma 
Adenoma 


clueclb altei exposing them and the other stiuctures of the neck being 
pro ecte i) a stei ile lead shield No changes in the blood chemistry 
A\eic oiseried and theie neie no demonstiable changes iii the bony 
iwleton ot the dogs dining the six months following the irradiation 
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The high calcium content of the seuim and the low peicentage of 
inorganic phosphates in the plasma m cases of generalized osteitis fibiosa 
(parathyioicl osteosis) are m shaip contrast to the usual normal values 
111 cases of Paget’s disease This contrast is best shoivn in 7 cases of 
paiathyioid osteosis lepoited by Compeie, Huntei, and Boyd, Milgrain 
and Steams In these cases the calcium content of the serum langed 
fiom 12 to 21 mg pei hundied cubic centimeteis of blood, and the 
ai'erage amount was more than 6 mg highei than that found in each 
of / cases of Paget s disease and / cases of localized osteitis fibrosa 
studied in the University of Chicago Clinics In the last two conditions 



papBanuHipniiiaBni 



''o z 4 6 a K) Ig 14 16 i& a ) I ^ 

' Weeks Mootb5 

Fig 3 — Changes m the calcium and inorganic phosphate contents of the blood 
and the excretion of calcium m the mine in a case of Paget’s disease observed 
for a period of two \ears 


all the determinations of the calcium content of the blood weie vithin 
the lowei hmitts foi noimal values In cases of genet alized osteitis 
fibiosa the amount of inoigamc phosphates m the serum langed from 
1 2 to 3 2 mg per hundied cubic centimeters, while in cases of Paget s 
disease and of localized osteitis fibiosa the values varied fiom 3 5 to 
5 5 mg The highei values weie found in cases of children The fol- 
lowing history of 1 of the cases of osteitis defoimans m this senes is 
chaiactenstic 

«> 

L B , a man aged 57, came to the University of Chicago Chmcs in March 
1929, complaining of pain in the lumbar region and bowing of the thighs of twenfj 
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and Eidbeim and in studies ot expeimientalty pioduced nckets b} Pap- 
penheunei and }vImoi Dojle, Nomdez and Goodale, Higgins, Fostei 
and Sheaid, Eidheini, and Luce In some cases the parathyioid glands 
became ten times the normal size, and the microscopic sections levealed 
benign h3peiplasia similai to that described by Ballm and kloise m 
enlaiged glands iemo\ed fiom patients suffering fiom ankylosing pol}- 
aithiitis Tieatment ot nckets with diet and vitamin D lesiilted in a 
deciease in the size of the tumois Since these tumois weie pioduced 
on a deficient diet and vecedecl when the deficiency was collected the 
hyperplasia in this condition may be described as compensatoiy 

Tabcf 11 — RccapUulatwii of Data in 75 Cases of Paiathvnnd Osteosis Ri.poitcd 

III Tables 1 and 10 * 


K Clinical Data 

Sc\ of Patient 
FemilQ 
Male 

Not stated 

Tumor palpable in neck before operation 
Renal calculi 

Mottling of caharium as described bj Camp 
Bono cysts 

Giant cell tumors of bones 
Pathologic fractures 
Improvement reported 

tyidcnco of rccntaflcatlon ot bones after opernUoo, 

Tetany after operation 
Death after opeiation 

Death occurring later after temporary improvement 

Death as a result of metastascs from primary carcinoma of the parathyroid glands 


No of Cases 
30 
17 

0 
10 
20 
20 
16 
24 
41 
01 
2a 
37 

7 
4 

1 


B Data on Blood Chemistry 

Calcium content of serum before operation, mg per hundred cubic centimeters 
MaMmum, 2! (Beycnnek) 216 (Lanz) 198-38 (Lvii) 

Minimum, 9-12 5 (Babcock) 

•lyerage (approMmato), 14 

Amount of inorganic phosphates before operation mg per hundred cubic centimeters 
MaMmum, 3 3 (Gutman, Suenson and Parson') 

Minimum, 1 2 (Barr, Bulger and Dixon) 

Average (approximate), 2 2 


* The ages in these cases ranged from G5 to 13 years I andon reported the case of an 
infant aged 216 years, but no tumor was seen at operation (table 4) 


NILLTIPLE ANKYLOSING ARTHRITIS 

Oppel, Ssamaiin, Leuche and Jung, Balhn, Funsten, and Simon 
have repoited clinical inipiovement m cases of ankj losing pohaithiitis 
aftei paiath) loidectoni) A leAieit of the micioscopic studies as well 
as of the photomicrogiaphs has failed to demonstiate tuie adenoma ot 
one 01 nioie paiath) roid glands in these senes Enlaigement ot the 
glands in some cases tvas leported, but the cellulai picture tvas that of 
simple b)peiplasia The authois who lepoited these studies accepted 
the clinical sjiidiome of gencialized demineralization of the bones, h)po- 
tonia of the muscles lengthening of the chionaxia and increase in the 
calcium content of the seium as sufficient etidence for a diagnosis of 
panthyioidism ” Ballm and Morse also stated that “hypeicalcaemia 
can be tempoianly or continuously absent and if so should not exclude 
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the amount of calcium m the blood increased slightly, and the level of the phos- 
phorus content fell, but all the values were within the normal range The stnkin"- 
feature was the amount of calcium m the urine This was only 30 mg for each 
period of twenty-four hours before treatment The average normal excretion of 
calcium IS about 180 mg for twenty-four hours, as reported by Bauer, Albright 
and Aub for a large series of cases This value suggests the positive calcium 
balance so often found m the cases of Paget’s disease reported by DaCosta, Van 
Hazel and Andrews and Rabinowilch, and it is in sharp contrast to the markedly 



Fig 5 — Photograph of a patient (LB) with Paget’s d’sease, showing the 
bowing of the femurs and the external rotation of both legs 

increased calcinuna found in cases of parathyroid osteosis The excretion of 
calcium m the urine increased to 140 mg after two months of treatment with 
viosterol and then rose to 430 mg for periods of twenty-four hours after four 
weeks of administration of parathyroid extract 

The v^alue of this tieatment is difhcult to estimate, although sympto- 
matic improv'einent was obseived Zimmer leported a case of osteitis 
deformans in which clinical and roentgenologic improvement occuired 
aftei tieatment with paiathyroid extract 




Fig; 2 — Pliotomicrognphs of tissue from (4) a parathyroid gland in a case 
of Paget’s disease of twenta a ears’ duration, showing the normal cellular struc- 
ture X 130 (B) an adenoma of the paratn,roid gland, showing the compact 

cellular structure, ah colt and absence of fat cells, X 70, and (C) a normal para- 
tharoid gland, showing the loose arrangement '■nd the number of fat cells, X 70 



















Fig 7 -Photomicrographs of sections of bone in cases of (J) osteitis fibrosa 
with resorption and replacement of bone by fibrous tissue, X 120, and (B) Paget’s 
disease, in which the trabeculae of the bone are thick and the formation of bone 
IS more marked than the absorption, X 115 Photograph of a longitudinal section 
of long bone (C) in a case of Paget’s disease, shoeing the thickened cortex 
and the narrow medullarj canal 
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^ ears’ duration The symptoms had begun with mild pain in the lower part of 
the back and had progressed until he had difficulty in walking or bending forward 

Physical examination revealed an elderly white man, w'alking with a peculiar 
slow, shuffling gait wuth the thighs and feet rotated outward (fig 5) Thej 
could be rotated iinvard about 30 degrees W’lth difficult-! There W'as marked 
bowing of both thighs 

Roentgenograms reiealed marked anterior and lateral bowing of the femoral 
shaft and gross thickening and encroachment of the cortex on the medullarj 
canal Both trochanters had a cystic appearance, and the tuberositj of the ischium 
was involved The lower dorsal and the lumbar vertebrae and the entire pelvis 
showed thickening, broadening and irregularlj increased densiU (fig 6) 



mm 



Avci-Aje Av-^i-a^e 

^ Curies for the calcium and phosphorus contents of the blood serum 

in cases of generalized osteitis fibrosa, localized osteitis fibrosa and Paget’s dis- 

c'lsc n this clnrt the mIucs for cases of generalized osteitis fibrosa are shown 
bi a hue of dashes, those for localized osteitis fibrosa, bi a line of dots and 
ICS, md those for Paget s disease, bj a solid line The calcium and phosphorus 
eoiitciits of the blood scrum in cases of true liyperparatlnroidism due to para- 
nroi 1 ononn and the \alues in cases of osteitis deformans are in contrast 
le ixcrage Mhie for the calcium content of the serum for 7 cases of 

nurnl n ^ ^ «>‘"ost twice that for 7 cases of localized 

cits fibrosa (L OP) or for 7 cases of Paget’s disease (P D), while the 
ratio for the phosphorus content of the serum m the three conditions is rerersed 

naraffitro.T™’; therapr, autogenous racemes, riosterol and 

paratlnroKl extract in succession During obserrat.on for two and one-half rears 
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DySCHONDROPL\PI 

DyschondroiDlasia, particulaily of the lachitic type, has been classi- 
fied with the “paiathyioidism” piesented in the gioup of cases reported 
by Ballin Biochemically, theie is no evidence to support this classifica- 
tion Studies of calcium and phosphorus metabolism weie made in this 
clinic on 3 patients, all of whom were found to show a positive balance 
The lesults of two of these studies aie shown in table 16 

“In noimally gi owing childien, theie takes place during the ages 
between thice and sixteen 3^6315 an aveiage daily storage of 0 01 Gm of 
calcium and 0 0008 Gms of phosphorus per kilogram of body weight 
pel da)’’ ” (Sheiman, H C, and Hawle)', Studies on Twelve Childien ) 

Tabie 16 — Dctci iiniwlioii of Calcium and Phosphoi us Balance m Cases of the 
Rachitic Type of Dvsclioudt oplasta 


r\periniental Amount of Mineral in Mineral 

Period , ' ^ Balance 


/ — ~ — — — 

— ^ 

Pood, 

Pcces, 

mM 

Urine, 

'I otal Out 

^ 

,, 

Number 

Duration 

inJI * 

inM 

put, mM 

mM 

Gm per Daj 

H M , aged 10 j cars 



Calcium 



1 

3 dnjs 

141 22 

104 S2 

17 71 

122 3" 

21 09 

+0 290 

11 

3 dajs 

143 37 

104 07 

19 44 

124 41 

20 DO 

J-0 2S0 





Pliospliorus 



r 

3 dajs 

134 ofl 

Si 30 

0311 

144 47 

9 SO 

+0 102 

II 

3 dajs 

134 93 

73 S4 

OS 02 

144 40 

10 47 

+0 103 

r G , nged 10 j cars 



Oalcium 



I 

0 dnjs 

224 21 

201 03 

J oO 

204 40 

19 SI 

+0 132 





Phosphorus 



I 

0 dn>s 

243 32 

92 20 

123 90 

210 10 

29 30 

+0 132 

* mM 

indicates millunols 




• 



Heitei found that for the noiinal growth of the skeleton theie must 
be an aveiage dail}' stoiage of inoic than 0 1 Gm of calcium fiom 
the thud to the sixteenth 3 ^ear 

Heibst studied the calcium metabolism foi 6 normal boys between 
the ages of 6 and 14 }'eais and found that from 0 01 to 0 016 Gm of 
calcium pel kilogiam of bod) weight was stoied daily, or from 021 
to 0 39 Gm pel capita (Sherman) As indicated in table 16, in the 
cases studied in this clinic as much calcium was stoied as would be 
needed foi noimal growth, accoiding to the estimates of the basal 
lequirement 

PATHOLOGIC LESIONS OP THE SKELETON IN PARATHYROID 

OSTEOSIS 

A detailed desciiption of the micioscopic pathology of the bones 
has been given by Turnbull The changes m the skeleton are lacunar 
lesorption, fibiosis of the mairow and the toimation of osteoclastomas 
and in about 50 pei cent of the cases of cysts Lacunar resorption 




COMPERE-SKELETAL DYSTROPHIES 


251 


A patient with maiked Paget’s disease of twenty )eais standing 
itcenth came to autopsy in this clinic and complete pathologic studies 
were made The paiathyroid glands weie noimal (fig 2 A) Examina- 
tion of the bones of the patient reiealed iniolvement of both femurs 
and tibias (fig 7 B) The long bones weie bowed, and the thickness 
of the cortex was mci eased, ranging from 1 to 2 cm The medullar} 
canal Avas nan owed, and the bone marrow contained an unusual amount 
of fat and fibious tissue Theie was maiked coxa vaia of both hips 
due to loss of tensile stiength 



— JL 


(ItsMs! of peUic region of a patient (L B ) aMth Paget’s 

femur , “■abeculae are wa^^ and distorted, tlie diameter of the shafts of the 
femur is increased, and numerous cistl.ke areas are endent 


le locntgenogiaphic findings in the calvarium m a case of general- 

a?o'a '’TT definite small round 

ipo'eannw Tar'll' calvaimm lesultmg m a mottled 

l iasVof p i t 1 die skull in 

ni'^'of d e bto?nfr'', " roentgenograms show thicken- 

nwe of Ihe slui I " ‘'^^"'dng inciease in the c.icumfer- 

( fi- set T ' of increased density ma} appear 

unohld uh.lo" disease the skull is not 

m rocntgenogiams m all the cases of h\ perparatha roid- 
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by extensive, and in places complete, leplacement of lamellar bone by 
tiabeculae of fibrous bone Apposition may be the piedominant active 
piocess m a segment The combination of resoiption and apposition 
IS sho\Mi by the action of osteoclasts and osteoblasts on different 
trabeculae m many sections, and even on the same tiabeciila in several 
sections Tiabeculae that aie composed of se\eial s^ stems of fibious 
bone fuithei witness the interplay of the tuo piocesses In focal areas 
the new spongy bone that has been formed maj exceed oi completely 
leplace the noimal spongiosa and compacta (fig 7 A) 

In osteitis defoimans (Schnioil) the changes aie similai with legard 
to lacunai lesoiption, but apposition and osteoblastic activitv are inoie 
maiked and legional areas of dense ossification oi calcification aie com- 
mon (fig 7 B) 

TUMORS or THE PARATIIVROIDS 

Diagnosis of adenoma of the paiath}ioid glands as an explanation 
of a condition consideied to be due to hypei function of the tumorous 
glands may not be accepted without ciiticism In discussing adenomatous 
changes in the th3ioid gland Rienhoft declaied that eren though the 
cells lining the aI^eoh function locall)' theie is no pi oof that these 
neoplasms pi oduce a toxic secretion oi evidence to suggest that the cells 
lining the alveoli function m such a mannei as to influence tlie oiganism 
as a uhole Aschofl: expiessed the belief that adenomas of the paia- 
th3uoid glands had nothing to do with the changes in the bone occasion- 
ally seen associated with them Rienhoft also stated that adenoma and 
carcinoma of the paiath3aoid glands hare in seieial instances been 
associated with a low calcium content of the blood and e^ en u ith tetan)' 

Pathologicall3', the tumois in all the leported cases haie been diag- 
nosed as adenoma or as cyst of the paiathjaoid glands Functionall}'^ 
such tumois resemble true hy^pei plasm Both Ening and Haibitz lecog- 
nized the difficulty of differentiating model ate diffuse Inpeiplasia and 
tiue adenoma of the parathyroid glands Tumois of the paiathyroid 
glands giossly similai to those reported in this senes and associated with 
similai skeletal conditions weie studied b3 Eidheim and diagnosed as 
hypei plasia Strauch studied a tumoi lemoied fioin the neck of a 
woman who died after a typical attack of pueipeial osteomalacia His 
diagnosis of h3'^perplasia was based on the piesence of all the noimal 
cellulai elements, while, accoiding to his belief, onh one tipe of cel! is 
obseived in tiue adenoma 

The tumoi which wms lemoi'^ed fiom a patient lepoited on fiom 
this clinic in 1930 wms almost entiiely composed of the one type of 
large epithelial cells with hyperchi omatic nuclei and the pi edominatmg 
characteiistic ivas foimation of acini No poition of the gland lesemWed 
the normal tissue of the paiathyroids One was justified then, from 
a pathologic standpoint in making a diagnosis of adenoma of the para- 
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ism which I have studied oi icMCwed the chaiacteiistic mottling of the 
cahaiium has been noted 

In table 14 I ha\e attempted to compare sc\eial clinical s}ndiomes 
w'hich aie chaiacteii/ed b} local oi geneial dcmmciali7ation of the 
skeleton 

As I ha^e ahead} stated, 'theie is little e\idcncc to indicate — and 
It would be difficult to lationahzc the findings if it were so leported — 
that localized oi legional bone lesions of the lionc c}st and giant-cell 
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Metastases to the neck, mediastnium oi pleuia occuiied in each case 
which he desciibed 

Beiaid and Alamaitine lepoited 28 cases of epithelial tumor of the 
paiatliMoid glands, called hy Fasiani malignant adenoma Ferrero and 
Saceidote lepoited a case m a uoman, aged 65 , with carcinoma of a 
paiathvoid gland, metastases to the skeleton and pathologic fracture 
of the feiniii Pepeie, Kleinpeiei and Thompson levieued cases of 
carcinomatous metastases to the paiathjnoid glands 

In the case of Gip the tumor of the neck had been noted for five 
3eais When lemoved, the section showed a few acini and mitotic 
figures and aieas of degeneiation and C3Stic formation leseinbling those 
obsened in the tuinoi m Wildei's case A diagnosis of adenoma of 
the paiathyioid glands was made, but the patient leturned after eleven 
montiis with thice new nodules near the operatne scai The author 
noted at this time that the geneial health of the patient was good and 
that theie w^as no evidence of skeletal disease These nodules and 
seveial glands in the posteiioi ceivical triangle of the neck weie lemoved, 
and all the specimens w^ere obseived to be caicinoinatous All the 
giowths lectured in spite of loentgen therapy Gu3 concluded from his 
studies that appaiently benign tumois of the paiathyroid glands of 3'eais’ 
duration 11133^ suddenl3" take on malignant chaiacteiistics While it is 
doubtful that the malignant changes in the tumor iveie lesponsible for 
the changes in the bone, ivhich have been noted in so main other case's 
in wdnch theie w'as no suggestion of carcinoma, the cases leported in the 
liteiatuie of malignant tuinoi of the parath3'ioid glands help to substan- 
tiate the pathologic diagnosis of malignant grow'th m the cases of Wilder 
and Mandl 

Hoffheinz, lejectmg all cases in which the enlaigement of the para- 
th3ioids w^as indefinite 01 inadequatel3^ desciibed, collected fiom the 
liteiature 45 instances of measurable enlaigement of one or moie para- 
thyioid glands Of these, 27 were associated wnth definite disease of 
the bone including 17 instances of generalized osteitis fibiosa, 8 of 
osteomalacia and 2 of iickets He cited increases to a size of 7 by 2 5 
by 1 cm The histologic changes w^eie those chaiacteristic either of 
b3perplasia or of adenoma, and it is impoitant to note that sometimes 
more than one paiatb}ioicl gland was affected 

Bauei, Albright and A ah reMCwed the repoits of the cases in winch 
examination at neciopsy was made for lesions of the paiath3ioids With 
their own cases and those of Maiesch and Schmoil theie were in all 
327 cases in which definite disoidei of the bones existed These studies 
aie anal3"zed in table IS 

Bail and Bulgei listed 33 cases of tuinoi of the paiath3roids m 
which coexisting changes of the bones were reported These cases are 
included 111 the tables or the text of this paper 
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of an endocnne etiolog) The amount of calcium and moigamc phos- 
phates in the seium m tiiese conditions is found to be luthiii noimal 
limits 

Chronaxia has been desciibed b^ Ballin as “an electiic time coefficient 
of neuromusculai e\citabilit\ defined as a minimal time m which cunent 
must pass through a muscle oi neive m older to elicit a leaction ” This 
IS not a specific test foi In pei function of the parathj i oicls Othei con- 
ditions associated nith weakness and geneial phisical debility may give 
a similar delayed i espouse Meie fatigue in a noimal peison may alter 
the lesults of detei niinatioiis of the cliionaxia 


Table 15 — Locn/wcrf and Regional Osteitis ribioia and '^olitaii Bone C'\ils 




Ago, 


Cnlcuim, Phosplioruc, 

Mg per Mg per 

Pntjcnt 

Date 

lews 

Sc\ 

300 Cc 

100 Cc 

Comment 

P V 

2/14/31 

s 

F 

12 20 

610 

C\st oi upper tliird of left 
Immtrus 

M S 

2/22/2't 

52 

JI 

SIO 

SCO 

C\st of upper end of left lui 
iiicnis luid ilironie nrthritis 

0 R 

12/15/30 

;g 

r 

nos 

1 44 

Lesion of left Oil! jnetnciirpus 

E C 

10/20/Sl 

32 

It 

9 Go 

4 40 

I cefon of Upper end of left 
immcrus 

D S 

5/ 2/31 

c 

JI 

10 SO 

3 20 

Lesion of upper end of rigiit 
imnierus 

A E 

n/24/SO 

20 

r 

11 10 

o 

Cjsts of lioad of riglit femur 

R JI 

8/ 3/32 

IG 

11 

11 00 

CIO 

I esion of upper end of left 
Imnierus 

B J 

7/ 1/32 

20 

jt 

10 so 

4 5C 

Pathologic fracture of upper 
end of right humerus 

E S 

11/21/30 

21 

JI 

1120 

4 44 

Osteitis fibrosa locnhsatn of 
neck ol right femur 

A C 

0/ G/30 

. 10 

JI 

12 10 

4 00 

Osteiti'i fibrosa locnhsata of 
left humenis and radio* , no 
ca\ it\ 

"M K 

4/ 0/31 

02 

1 

11 50 

5 70 

Regional osteitis fihrosn of left 
femur and ihmn 


Too much emphasis has been laid on the eleiation ot the calcium 
content of the seiuni m ceitam of these conditions, and the equallj 
significant detei minations of the amount of moigamc phosphates in the 
serum or plasma have not been made The only definite test foi hyper- 
unction of the paiatbyioid glands which is acceptable is the studv of 
calcium metabolism and the demonstration of a negative calcium balance 
patients with conditions repiesenting the seien tjpes of skeletal 
dystrophies listed m table 14 neie studied while on a maintenance diet 
with the basal lequireinents of calcium and phosphoius and also of 
u aimn a positn e balance u ould appear except m pei sons with para- 
i}ioic os eosis In this condition the balance is consistentlv negative 
be calcium content of the serum is high, the amount of phosphates in 
tl e plasma is low, and tiue adenomas of one or two paiathyioid glands 
are noted in neaih all cases at opeiation oi on postmoitem examifation 
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estimation ot tlie calcium content of the serum and the amount of inor- 
ganic phosphates m the blood, njay not be of significant diagnostic aid 
m eail}^ cases of paiath^ioid osteosis Determination of the amount of 
calcium m the mine foi peiiods of twenty -foui hours may help in 
confirming this diagnosis, while the nioie specific study of the amount 
of calcium lost by determination of the calcium and phosphorus balance 
foi from thiee to six days is costly and difficult to make 

Chle^ itz and Olsen suggested functional tests for calcium They 
found that an mciease in the amount of calcium ingested in a case of 
parathyioid osteosis did not produce an increase in the excretion of 
calcium m the uiine, but that theic was a distinct increase after the 
intiaAenous injection of calcium chloride In control tests on normal 
persons with either the ingestion oi the intra\enous injection of calcium, 
there was a consistent mciease m the amount of calcium excieted in 
the urine These tests indicate a defective absorption of calcium from 
the intestines in paiathyroid osteosis and a decreased capacity of the 
oiganism foi the letcntion of calcium 

Immediate!) after the lemoval of the paiathjroid adenoma the tests 
weie repeated The output of calcium in the mine was constantly sub- 
normal after ingestion and intiavenous injection of calcium, indicating 
that the oiganism was now capable of depositing calcium 

A second diagnostic method has been reported bj' Hamilton and 
Schwaitz of the department of pediatrics of the University of Chicago 
These obser\ers found that a large dose of calcium chloride or calcium 
gluconate, gnen b) mouth, causes a much moie marked increase m the 
calcium content of the seium of rachitic labbits than in that of normal 
rabbits This marked affinity for calcium in the blood of rabbits with 
tickets was thought to be due to hyperactnitv of the parathyroid glands 
Furthei evidence was offered to support this theorj , and a test for the 
parathyioid hoimone described by these authors was applied to the blood 
of normal and lachitic rabbits, which indicated an increase of the hor- 
mone in the blood of the lachitic animals No blood from a patient 
with parathyroid osteosis was aA'ailable for similar tests This opens 
a field for future investigation, and the test may piove to be a simple 
and valuable aid in the early diagnosis of hypeipaiathyroidism 

treatment of parathyroid osteosis 

Since the etiology of this disease is thought to be an excess of the 
secretion of the parathyroids due to enlargement and adenoma of 
one or more parathyroid glands, treatment consists first of removal or 
destruction of the tumors The methods of surgical treatment hare 
been indnidually and effectively desciibed by Walton, Balbn and 
Churchill and Cope Since death from tetany has been reported m 4 
cases. It is essential that at least 2 noimal parathjroid glands should 
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IS oiedominant Roentgenograms and Inctologic examination of the 
leRttat necropsy show that resorption has led to 
whrch howexer, raries m degree m different places (figs 7 A SB 
9) But formation of bone does not cease Bone is seen in the process 



Fig 9 — ^Roentgenogram of the pehic region ot a patient with parathyroid 
osteosis The generalized demineralization of the skeleton in this case is in 
sharp contrast to that in the case of osteitis deformans shown in figure 6 Symp- 
toms in this case became more marked during pregnancj, which at the time 
the roentgenogram was taken was approaching term 


of formation in almost all the sections taken fiom the inoie severely 
involved parts ot the skeleton, and previous formation of bone is shown 
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phase of the disease is niaikedly positne, the output of calcium in the 
mine is deci eased, and the paiath3uoid glands aie usuall) observed to 
be of noiinal si 7 c and microscopic stiucture 

Ankylosing polyailhiitis is piobably not caused b} hypeiparathyroid- 
ism, because in this condition, although the calcium content of the serum 
may be slightly highci than normal, the amount of the inorganic phos- 
phates in the plasma is noimal, the calcium balance is positive, and while 
the paiathyroid glands aie, according to lepoits, sometimes enlaiged 
the enlargement is usually s}mmeti]cal, involving all the glands, and is 
similai to that lepoited in cases of iickets oi of osteomalacia associated 
with a low seium calcium content In animals with rickets the addition 
of vitamin D and of adequate amounts of calcium and phosphorus to the 
diet lesults in decrease in size of the enlarged parathyroid glands as 
well as m healing of the skeletal disease 

Parathyroidectomy in cases of ank^dosing pol^'ai thritis or of Paget’s 
disease is not justifiable unless theie is more evidence of pathologic 
change oi dysfunction of the parathvioid glands than has been desciibed 
in lepoits of cases in the liteiatuie 

Demineiahzation of the skeleton in cases of poljaithiitis inav be 
accounted foi as atioph) of disuse 

While ieino\al of tumois of the parathyioid glands has not resulted 
111 complete recover}' m the i eported cases, the symptomatic iinpi ovement, 
the chemical evidence of mci eased letention of calcium, and the roent- 
genographic eiidencc of inci eased density of the bones m the cases in 
which observation has been made foi a sufficient period aftei operation 
are results which, as the operative iisk is slight, ivarrant surgical intei- 
lention m cases such as those lepoited m this papei Eailiei diagnosis 
may lead to inoie favoiable lesults, especially in the prevention of lenal 
damage 

BIBLIOGRAPHY 

Abel, A L , Thomson, G, and Hawkslej, L M Generalized Osteitis Fibrosa 
Case Successfully Treated by Remo\a] of Paiathvroid Tumors, Lancet 2 S25, 
1933 

Albright, A L, Thomson, G, and Hawksle^, L M Generalized Osteitis 
Fibrosa Successfully Treated by Removal of Parathyroid Tumors, Lancet 
2 525, 1933 

Albright, F , Bauer, W , Claflm, D, and Cockrill, T R Effect of Phosphate 
Ingestion m Clinical Hyperparathyroidism, J Clin Investigation 11 411 
(March) 1932 

Allen, F N , and Camp, J D Hyperparathyroidism Report of a Case After 
Removal of a Parathyroid Tumor, Proc Staff Meet , Mayo Clin 7 363, 193- 
Amberg, S , in discussion on Ball, R G Proc Staff Meet , Mavo Chn 5 33, 

1930 , 

Aschoff, Ludwig Pathologische Anatomic, Jena, Gustav Fischer, 1923 iol - 

p 925 



COMPLRL—SKELEI 4L Dl SI ROPHILS 


259 


thyioids 1% 2B) If this was compensator} hypeiplasia it is difficult 
to explain why another gland lemoved trom the same side was entaely 
normal (fig 2 C) If, then, the changes in the calcium metabolism m 
this and similai cases aie assumed to be due to inci eased activity of the 
paiathyioids, one must conclude that the adenoma produced an abnormal 
amount ot paiatliMoid secietion, that theie was hyperfunction of the 
grossly normal-appealing paiatlwioid glands or that there was m each 
case undisco\eied and abnormall} active accessoiy paiathyroid tissue 
The presence of a pathologically similai tumor m a senes of 124 repoited 
cases lends weight to the fiist Inpothesis 

The tumois m the cases of Wildei, Mandl and Toland weie classified 
as malignant adenoma because of the picsence of mitotic figures, pol}- 
morphism of the cells, hcpeichiomatic nuclei and invasion of the 
neoplastic tissue into the capsule m WiideTs case and into the adjacent 

Table 17 — Sidiniiaiv of Aha opathoiogic Pcahucs oj the Pa>athv>oid Clauds 


Charaetcnstics of the Aormnl Glaiul or 
Benign Hyperplasm of the Pnrathv 
roids m Cases of Rickets, Ostco 
malaein, Metastatic Osteoplastic 
Cnreinonia and knkjloeing 
Polj arthritis 

CcIUihr ekmcats diffuse or tonipact 
Definite arrangement of irregular strands 
or trabeculae 
Occasional acini 
Miny fat cells 
Manj foam cells 
Few granules m nuclei 


Ctiaracteristlcs of Adenoma of the 
Pnrathjroid Gland Reported m 
111 Cases of Gcnenili^od Ostn 
Ills Fibro'a Cjsticn 
(Recklmghniiscn s 
Disease) 

Cellular elements \crj compact 
Less connecthe tissue and no etrindlikt 
arrangement of cells 
Aumerous ncml 
Few or no fat cells 
Xo foam cells 

Large, dark staining granules in nuclU 
of cells 


muscles m Toland s case The stiikmg absence of loam cells and tat, 
which Wellbiock mentioned, may not be a criterion of malignancy, foi 
the same thing was true m m\ case and m other cases m wdnch the 
results of pathologic study w'eie leported m detail and in wdnch theie 
was no suggestion ot malignant growTli 

The duiation of disease of the bone m the cases of Wildei, Mandl 
and Toland foi fiom fi\e to eight }eais and the failure of lecuiience 
foi yeais attei opeiation <;peak against a diagnosis of malignant tumor 
How'evei, a leiiew' of the literatme on malignant tumors of the thyioid 
and paiathjioid glands indicates that in almost every instance tumoi of 
some kind pieceded the malignant changes for several years Balfour 
m a senes of 63 cases of malignant struma, noted that in not a single 
case had the condition appealed suddenly but some foim of diffuse or 
nodular goitei had pieceded it A¥ilson found that in 157 of 290 cases 
of malignant goiter theie had been enlaigement for five years oi longer 
n most ot the 8 cases ot malignant tumor of the parathjToid glands 
reviewed by Kocher, the tiimoi had been present for many ^eais 
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Hadfield and Rogeis descnbed 2 ijaiathjioid tumois \Mthout paia- 
thyioid osteosis, 1 being associated with aciomegaly They included 
leports from the liteiatiiie of 6 additional cases of adenoma of the 
paiathyioids obsened at postmoitcm examination of patients with 
aci omegaly 

Enlargement of the paiath}ioid glands in a case of multiple myeloma 
was leported by Ban and Bulgei (case 3, 1930) and by Huntei in a 
case of geneialized carcinomatosis 

Congenital dysplasia of the bones (osteogenesis impel fecta) asso- 
ciated with lesions of the paiathjTOids was descnbed by Wyatt and 
IMcEachein, but the calcium and the phospboius content of the blood 
iieie normal 

Adenoma of the paiathnoids was noted by Claude and Schmieigeld 
111 a patient with epilepsi inthout skeletal defoi unties oi othci evidence 
of liypeiparathyioidism 


Table 18 — Aualyus of 327 Cases of Definite Dtsoidcif of Bone 



Author 

'lotnl 

Condition of 


Reporting 

Aumberof Pnratbjroici 

Disorder ol the Bones 

Cases 

Cases 

Glands 

Rickets 

Hartwick Schmorl Ritter 

20 

111 pertrophv in 2 cases 

Senile osteoporosis or osteo 
malacm 

Osteitis delormans* 

Sehmorl Strada, Maresch 

40 

Parathjroid glands nor 
inal 

All the parathjroid 
glands normal 

Maresch, Schmorl 

210 

Osteomalacia 

Danisch, Strada Thomas 
r on Verbclj Bauer 
Hohlbaum 

57 

Hjportrophj: in 27 cases 
adenoma in 1 case 


reported the results of postmortem examination in 40 cases of osteitis deformans in 
^ found all the parathjroid glands normal Mareseb noted a large cjstic tumor 

of the parathyroids m 1 case m uhich there was no demonstrable disorder of the bones 
scmnoil ob«er\ea no adenoma of the parathyroids m 170 postmortem examinations in cases 
of osteitis deformans 

NEED roR EARLY DIAGNOSIS OE PARATHYROID OSTEOSIS 

Diagnosis of parathyioid osteosis has usually not been made until 
the disease has piogressed to the stage of maiked decalcification with 
vaiying degrees of defoi mity and lenal damage The airest of the 
pi ogress of the disease, when so much pathologic change in both the 
bony framework of the body and the internal organs is present, cannot 
be expected to restoie noinial function After six unsuccessful opera- 
tions by vaiious siiigeons, Churchill discovered and removed a mediastinal 
tumoi of the paiathyroid glands fiom a patient who had been sutfeiing 
fiom parathyioid osteosis for moie than ten years There was temporary 
symptomatic improvement, but the patient died of renal insufficiency 
and shock after an operation foi the relief of uieteial obstiuction from 
calculus, SIX weeks aftei the remoial of the tumoi 

Early diagnosis and prompt removal of the paiath 3 ioid adenoma 
would be expected to aiiest the disease before severe renal damage had 
occuiied The chemical analvses, done as a routine including the 
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be identified and left undistuibed In the case desciibed by Beck no 
paiathyroid glands could be seen at necropsy after death fiom tetany 
twenty days aftei the excision of a tumoi of the parathyioids and of 
one normal parath}ioid gland 

Roentgen ii radiation of the parath 3 noid glands lesulted in lmplo^e- 
ment in 4 of 10 cases Expeiimental evidence (Biedl and Compere) 
indicates that the function of the normal parathyroid glands is not dis- 
turbed by such iiiadiation, and the infeience is that this procedure may 
be a safe method of ablation of the paiathyioid adenoma A much 
laigei senes of patients must be subjected to this treatment before 
definite conclusions can be made 

After ablation of the paiathyioid tumor tetany has been prevented 
01 conti oiled in most instances by ingestion oi mtiavenous injection of 
calcium, injection of paiathjioid extract or a combination of these 
measures 

Ingestion of calcium should be continued foi a j eai oi longer Since 
the growing skeleton needs from 0 2 to 0 3 Gin of calcium daily foi 
its deielopment, the markedly decalcified adult skeleton, which may 
have lost as much as 50 per cent, or more than 1,000 Gm , of the 
calcium salts, cannot be expected to legam its normal density and 
strength m less than from one to thiee years, even aftei a definitely 
positne calcium balance has been reestablished Foods iich m calcium, 
such as milk, nuts and fruits, should be included in the diet 

The eating of foods that aie iich in their vitamin content, especially 
the juices of the citrus fruits m vitamin C and cod liver oil or viosteiol 
in vitamin D, is advised as an aid in the absorption oi deposition of 
calcium salts The importance of vitamin B may be questioned, but 
because of its recognized value m promoting better intestinal tone and 
function and in treating certain types of anemia, concentrates of yeast 
may be added to the diet 

SUMMARY 

Parathyroid osteosis may be difteientiated from other skeletal dystro- 
phies which are clinically similar This condition is characterized by 
weakness, pain m the long bones, generalized osteoporosis, deformities, 
a high calcium content of the serum, a low phosphate content of the 
plasma, an increased excretion of calcium in the urine and a negatiie 
calcium balance , an adenomatous tumor of one or more parathyroid 
glands has always been observed at postmortem examination and nearly 
alwaj^s at operation, while the remaining glands are of normal size and 
stiucture The results of studj'^ of 124 cases in which the diagnosis 
was A ei ified at operation or autops)’’ are anatyzed 

There is no good eindence that Paget’s disease is caused by hyper- 
paiatliAioidism In this condition the calcium and inorganic phosphate 
contents of the blood are normal, the calcium balance in the chronic 
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aie consequently accused of malingering and, on the other hand, by the 
unnecessaiily heroic measuies that have been lecommended and per- 
formed, for instance, amputation and, I lieheve, sympathectomy, as 
suggested fiom Leriche’s clinic 

Since Sudeck s desciiption m 1900 acute bone atiophy has received 
considerable attention by Geiman authois and, to a lesser extent, in the 
Flench hteratuie It was not, I believe, until 1926 that the phenomenon 
was specifically mentioned in the English literature In January of that 
yeai Noble and Hauser ® made an important contribution to the subject 
After the publication of this aiticle no specific reference to the lesion was 
made m the English hteiatuie until January 1933, when a very adequate 
consideiation of the subject \vas made by Fontaine and Herrmann ® from 
Let idle ’s dime at Stiasbouig It is not sui prising that this contribu- 
tion, having its origin in Leriche’s clinic, lecommended sympathectomj’' 
almost to the exclusion of other methods of treatment In connection 
with the appieciation of the ply'sioiog}'^ and pathohg}'- of bone, the 
English-speaking medical piofession is, I believe, indebted to Moore 
and Key ’’ foi the translation into English of the valuable monograph 
published m 1926 by Leriche and Poheard ® Key,® moreover, in 1933 
contiibuted an aitide m which acute bone atiophy is accuiately described, 
although individual cases are not analyzed 

Sudeck, in his original contributions classified the disease into two 
stages, namely, the acute and the chronic form It is the acute stage 
which is the moie characteristic, moie easily diagnosed, and, I believe, 
moie susceptible to tieatment 


DIAGNOSIS 


The clinical diagnosis of acute bone atiophy can be presumed on 
the basis of typical signs and symptoms Comparatively soon after an 
injury, which is usually tiivial and is commonly m the neighboihood of 
the hand oi foot, the extiemity lather suddenly becomes swollen and 
extremely painful, paiticulaily on movement The skin loses its normal 
maikmgs and becomes glazed m appeaiance, and discoloration of a 
dusky led appearance is seen Although it is possible to jialpate the 
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greater fiequency in women, and among the nineteen cases twelve 
followed injuries of this nature 

Acute bone atrophy as a posttraumatic phenomenon does not appear 
to occur in children, nor, as a matter of fact, have any cases been 
reported in aged persons 

The nature of the injury antedating the development of posttrau- 
matic acute bone atrophj' is usually comparatively or actually tmual 
Colles fracture or its laiiant occurred in twelve of the cases involving 
the hand , the injuries in the remaining seven cases were sprains or 
contusions Among the injuries of the shoulder, contusion alone is 
recorded as being responsible for fiv'e of the nine cases In one, frac- 
tuie of the humeius had occurred, in one, fracture of the clavicle 
(fig 1), and in one dislocation of the shoulder joint with fracture of 
the great tubeiosity 

Taulf 1 — Tahulahoii of Cases of Bone Ahophv Repotted in English Lifeiatwc* 
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* CISC'! In nldcli tlic spine \<its iniohcd Imic not been jnehided in tliio resume Othenive 
the tiihlo represtnt*, 1 hclictc, nil cases reported in rngli^h literature susceptible of tabulation 

Among the injuiies of the lower extremity which anticipated the 
development of the osteopoiotic phenomenon fractures of the ankle 
joint, usually giade 1, and fractures of one of the bones of the foot 
make up the gieatei number In one, a needle punctuie wound of the 
tarsus, with no loentgenologic proof of injuiy to the bone, uas the 
evident cause, and m several, spiains constituted the only history of 
injury One of my cases followed fracture of the tibia and one fol- 
lowed fracture of both bones of the leg, and in Noble and Hauser’s 
senes two cases are said to have followed fracture of both bones of 
the leg In twentji^-sev'en of Noble and Hauser’s cases the antecedent 
injury was specifically stated as being minor 

An attempt has been made to anatyze the cases repoited and 
observed with a view to determining, if possible, what maj' be the 
cause or causes of the dev'^elopnient of the lesion There appeals to be 
no reason for suspecting a distuibance of the endocrine system, either 
of the pituitaiy or of the parathyroids since the phenomenon is essen- 
tially local Theie is appaiently, also, no leason to believe that any 
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development of the lesion becomes, therefore, one of determining, if pos- 
sible, the leason why a sufficient grade of hyperemia is developed to 
bring about marked hahsteresis The matter is not yet settled, 
although It appeals that the hyperemia responsible for the osteolysis is 
the result of ner\e stimuli which are transmitted from the traumatized 
tissues through the spinal ganglions Through leflex; channels, there- 
foie, a nimiety of blood supply is induced 

Tables 2 and 3 indicate the relative incidence in different parts of 
the body, togethei with certain data with regaid to the age spread and 
a^elage age of those in whom the condition has developed 

T\mr 2 — Data foi Cases hnoknag the Hand 
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♦ Case 4 — The patient, ngccl 17, pre«entcd no hl'torj oi trauma 4 dingnosls of tubeicu 
lous osteo arthritic wnc made from the roenttcnognphic picture a he condition, in m) opinion, 
l« not proved to he aeiitc atrophj of the boms 


T MILE 3 — Data fo) Cases Involving the Shouldet 


4ee 

\o of , ' — — - — 

Cases Males Xoungest Oldest iicrage 

>oble and Hauser i 1 

Pontalne and Herrmann C 0 30 37 47 5 

Gurd 2 2 37 jO 43 5 

Total 0 0 SO 37 40 5 


One type of evidence appeals to be usually, or invariabl}^, present in 
the histor}" of those cases which, in my experience, have progressed to 
the exhibition of acute bone atrophy following injurj' As already 
stated, the original trauma is usually tiivial There is, however, almost 
invariably a histoiy nhich suggests either prolonged or repeated insult 
to the traumatized tissues The cases in this series (cases 15 and 19) 
of involvement of the hand and that of ini oh ement of the carpus 
present substantially the same history In one a severety comminuted 
Codes’ fractuie with marked displacement and in the other a com- 
minuted fracture of the reversed Colics’ or Smith’s type was sustained 
approximately tiventy-four hours before treatment of any sort was 
instituted In both cases the patient was brought a considerable dis- 
tance into town from the country by road without fixation and without 
protection to the injured hmb 




POSTTRAUMATIC ACUTE BONE ATROPHY 

A CLINICAL ENTITY 


FRASER B GURD, MD, FRCS (Can) 

MONTREAL, CANADA 


In 1900 there appeared a publication bj’' Sudeck entitled “Concerning 
Acute Inflammatory Bone Atrophy ” ^ During the two following years 
the same author contiibuted two other articles undei the titles, lespec- 
tivel}’’, “Concerning Acute (Reflex) Bone Atrophy Following Inflam- 
mation and Injury to the Extremities and then Clinical Signs " and 
“Concerning Acute (Tiophoneurotic) Bone Atroph)’^ Following 
Inflammation and Trauma of the Extremities”® Sudeck was paiticu- 
larly impressed by the patclty appearance of the bones in the type of 
osteoporosis which he described Of special interest in this regard is 
the fact that his fiist article dealt with what he consideied to be an 
inflammatory lesion Although, in consequence of the ease with which 
the condition is demonstrated b)' means of roentgenogiaphic examina- 
tion, the osteoporotic lesion m the bone is most easily identified, it 
should, I believe, be borne in mind that the bony change is but one proof 
of acute atrophy of other structuies Particularly, I believe, the atrophic 
changes in the ligaments and their attachments about the joints and in 
the cartilage covering the ends of the bones in the articulations deserve 
special attention in an effort to elucidate the problems of cause, preven- 
tion and cure of acute bone atrophy 

In a former contribution * I expressed the opinion that the impor- 
tance of acute bone atrophy as a cause of prolonged temporary disability 
IS not sufficiently well recognized by the majority of surgeons This 
lack of appreciation of the condition is shown, on the one hand, by its 
receipt of insufficient attention and by the fact that innocent persons 


Read before the Section on Orthopedic Surgeri at the joint meeting of the 
American Medical Association and the Canadian Medical Association, Atlantic 
Citr , N J , June 13, 1935 
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pulse piessuie in the blood vessels in the neighborhood of the wrist oi 
ankle, it appears evident that the capillaries at least are engoiged and 
that an increase in inteistitial tension has taken place 

The joints become stiff, and moA^ements, as stated befoie, are exqui- 
sitely painful It is possible to stimulate dispersion of the swelling by 
means of posture Foi this purpose, however, a comparatively pro- 
longed period of elevation is required With absolute rest, particularly 
if disappearance of the SAvelhng is at the same time obtained, relief 
fiom pain results In the case of the lowei extremity, if unprotected 
weight bearing has been indulged in the whole foot may be, and com- 
monly IS, completely flattened, subluxation or, as in cases 7 and 17, 
actual displacement of one or moie tarsal bones may be proved 

Roentgenographic examination made within a few days of the onset 
of the clinical phenomena prewously desciibed (as a rule mthm a few 
weeks of the date of injury) shows characteristic patchy areas of almost 
complete decalcification of the bones This is most marked in the 
small bones of the wrist or tarsus and in the ends of the metataisal or 
metacarpal bones and the phalanges As a rule, also, it is seen that the 
lower end of the leg oi the bones of the forearm are also involved in 
the atrophic processes In the case of the shoulder, the osteopoiotic 
process is present in both the scapula and the humerus As the lesion 
progresses, the rarefaction becomes moie complete so far as the small 
bones and the cancellous tissue of the long bones aie concerned, so that 
the patchy appearance is lost and marked rarefaction m the shafts ot 
the long bones also becomes evident Tins is the chionic, second stage 
described by Sudeck 

INCIDENCE AND ETIOLOGY 

With legard to the etiology of acute bone atrophy, there is appar- 
ently no lacial influence In my group of cases, Canadians of French 
and Anglo-Saxon extraction constitute the greater number A com- 
parable number of Jews, Italians and Central Europeans also appear 
The tables will shoAv that sex, so far as the cases involving the foot are 
concerned, is not of importance The laiger number of males (thiity- 
iinie of sixty-four) is accounted for by the considerably greater inci- 
dence of injuiies to the feet and ankle joints m men than in women Very 
striking, however, are the facts that all of the nine cases involving the 
shoulder (reported from the three different climes reviewed) occurred 
m men, wdiereas of the nineteen cases in Avhich the hand and carpus 
were involved fourteen occurred in Avomen The absence of lesions of 
the shoulder m women is less easily explained, I believe, than the 
preponderance of cases involving the hand in Avomen In my experi- 
ence, at least. Colles’ fracture and its Aariants occur AMth considerably 
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i I 1 o function took place, so that on 

Apr;] 19, 1935, roentgen examination showed recalcification of bones, and move- 
ments of the foot and ankle joints had largely returned The patient has gone back 
to work as a city salesman 

In niy opinion the reason for the acute bone atiophy m this case 
was that the man was permitted to carry out weight bearing on a plaster 
cast which had been applied ovei padding Also, destruction of the 
arch had been assisted by inversion of the foot at the time of first appli- 
cation of the cast As mentioned prcMously, I believe that a more 
lapid and piobabl} better ultimate result would have been obtained if 
protected weight hearing had been peisisted in for a longer period 



Fig 2 (case 17) — Roentgenogram showing the second stage of acute bone 
atrophj associated with marked subluxation of the bones of the tarsus 


Case 19 — L A vas injured on July 13, 1934, when she fell on the flexed 
wrist She did not recene au\ treatment until approximately twentv-four hours 
after the accident During the mter\al she drove a considerable distance (60 miles) 
by road to the hospital Roentgen examination showed a fracture of the reversed 
Colles or Smith tjpe Reduction was accomplished with the patient under anes- 
thesia , the limb was placed in supination, and moderate dorsiflexion was employed at 
the wrist joint There was no immediate swelling and no considerable amount of 
pain Progress was satisfactory until one month after injury, when the hand, 
which ivas still in a plaster cast, somewhat suddenly became swollen and the joints 
of the fingers painful on movement In the interval, the fingers had been con- 
tinuously exercised and the hand employed for activities not requiring any con- 
siderable strength Roentgen examination made on September 22 showed marked 
acute bone atrophy The patient was advised to refrain from any movements of 
the forearm, wrist or hand which might cause pain Diathermy was emploved 
and hot bathing at home By January 1935 the condition was markedly improved 
clmicalh, and roentgenographicalh recalcification seemed to have taken place 
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pathologic or unstable condition of the nervous system or of the gen- 
eral circulatory system is in any way responsible 

Hitherto, unfortunately, the actual pathologic process of the condi- 
tion has been subjected to few investigations, and unless one accepts 
the experiments of Pavlov (as reported by Noble and Hauser) b} 
which he produced softening of the bones in dogs by continuous appli- 
cation of damp and cold to the extremities, a comparable lesion has not 
been produced experimentally in animals The histologic examination 



Fig 1 (case 20) — Roentgenogram showing patch\ osteoporosis six months 
after fracture of the claMcle The patient suffered extreme pain 

of specimens by Vialleton and by Fontaine and Herrmann shov that 
theie IS a marked diminution of the number and thickness of the bony 
lamellae m the osteoporotic hand The absorption of bone is apparently 
not the lesult of osteoclastic actnity since the specific phagocytes are 
not seen m any of the preparations These studies also appear to 
plo^e that there is a unitorm loss of bony substance and not meieh a 
depletion of the mineral salts ot the bone 

The actual reason for the bone absorption must, I behe\e be pre- 
sumed to be Inperemia An attempt to dlsco^er the cause of the 
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When the patient was last seen on April 1, except for a slight deformity due to 
volar tilting of the articular surface of the radius, function of the hand, wrist and 
forearm ivas substantially normal 

Unless the fact that during the first twenty-four hours following 
injury this injured extremit}'^ was subjected to considerable trauma, 
owing to delay in reduction and fixation, explains the onset of acute 
bone atrophy, I am at a loss to explain the exhibition of the phenomenon 
in this case 



Fig 4 (case 23) — The patient was injured on Oct 27, 1934 A is a roent- 
genogram made on December 11 Note the absence of atrophy of the bone after 
SIX weeks' disuse Second injury occurred on Jan 23, 193S B is a roentgeno- 
gram taken on February 7 Note marked patchy bone atrophy two weeks after 
repetition of trauma 

During February 1935, Dr Gaylord S Bates, of Detroit, sent me 
the roentgenograms and history concerning the following case 

Case 23 — B O, aged 57, fractured the right ankle joint (external rotation, 
tjpe III) on Oct 27, 1934 Reduction was carried out, and a circular plaster cast 
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In four of the seven cases of acute atiophy involving the foot and 
tarsus the lesion was due, I believe, to too early unprotected weight 
bearing with consei^uent repeated traunia to injured tissues 

In one case (case 23) I am of the opinion that the patient suffered 
a second injury to a previously fractuied ankle joint a few days before 
the development of the acute atroph}' and that it was this second injury 
which was responsible for the atrophy In the case of involvement of 
the shoulder (repoited m this seiies) incomplete fixation with too great 
activity on the part of the patient, with consequent repeated minor 
trauma, is indicated by the history 

So fai as prophylaxis is concerned, it appeals that early adequate 
reduction and fixation, and so protection of the tissues from repeated 
trauma, are of prime importance Also it appeals that in each individual 
case the suigeon must attempt to decide whethei for a patient already 
subjected to manipulative measures the risk of acute bone atrophy must 
not be balanced against possible improvement in position by further 
intervention The case lepoited by Greig and case 10 in my first series 
are significant in this connection 

A table based on the fouiteen cases desciibed by me m 1934 is 
republished heie by couitesy of the Annals of Snigeiy, and a further 
tabulation of ten cases has been piepaied (tables 4 and 5) Brief 
reports of five cases follow It will be noted that in four of these 
cases the fact of continued or repeated insult to the tissues is exemplified 

REPORT OF CASES 

Case 17 — B E, aged 42, vas iniured on Dec 28, 1933, the medial malleolus 
being fractured A plaster of pans cast was applied m the orthopedic department 
over padding The patient was advised to walk on the plaster, to which a metal stir- 
rup i\ as applied The cast was removed on May 5, 1934 On May 12 marked swelling 
developed, accompanied by great pain and immobility of the foot and ankle The 
patient had walked a little since removal of the cast, and marked flattening of the 
foot had occurred, with astragal oscaphoid subluxation Roentgen examination on 
May 12 showed marked acute bone atrophy and complete loss of the arch to the foot 
(fig 2) The patient was admitted to the hospital , the edema disappeared when the 
proper posture W'as emploj ed, assisted by baking An unpadded plaster of pans cast 
up to knee and a felt heel were applied , the arch of the foot was reproduced The 
patient walked well in the unpadded cast with little pain The cast was removed 
on September II Roentgen examination showed marked improvement, and the 
appearance of the foot was much improved, though it was still swollen and tender 
The arch of the foot was considerablv improved, but the loints of the ankle and 
foot were stiff I believe that a plaster cast should have been reapplied This, 

10 Gurd, Fraser B Treatment of Fractures Involving the Ankle-Joint with 
Special Reference to the Use of the Pillow Splint and Early Weight-Bearing 
\nn Surg 88 260 (Aug) 1928 



archives of surgery 

Ae most famihai e\amples of such osteoporosis is that seen after 
Colles fracture, as a roentgenogram taken a week or ten days after 
the injury maj show decalcification of the cancellous extremities of 
sll the nietacarpsj bones and the phalanges 

He published a picture which is an example, I believe, of the con- 
dition foiming the subject of this essay The history, also, is that 
which is to be expected in cases of acute bone atrophy 



Fig 5 (case 24) — Roentgenograplnc appearance two months after a needle 
puncture wound of the tarsus 

A female post-office telegraphist, aged 41 jears, sustained Colles’ fracture of 
the left arm, and the nature of the iiyury being overlooked, healing took place with 
such deformit}' as to incapacitate her entirely for her duties Two months later a 
roentgenogram showed the bones of normal consistency The malposition of the 
displaced fragment was rectified by open operation and after a week’s interral a 
roentgenogram showed a localized decalcification of the carpus, the distal extremi- 
ties of the radius and ulna and of the contiguous extremities of all the meta- 
carpal bones and phalanges 
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by lathei better results In the case of the lower extremity, I am con- 
vinced that tlie unpadded walking plaster cast, winch is applied after 
absolutely all interstitial edema has been disposed of and to which a 
felt heel has been added is the method of choice If tare is applied 
to remodel the foot, paiticularly mth leference to ovei coming prona- 
tion and flattening of both arches and if the patient valks sufficiently, 
the results aie satisfactory 

I have had experience with sympathectomy as recommended by 
Fontaine and Heirmann in but one case In this case the result was 
not fa\ orable , at the same time the evidence w Inch these authors supply 
cannot be ignored 


'\BSTRACT OF DISCUSSION 

Dr E \V R\Ft(SO\, Chicago Sudeck’s atroplw has a tremendous bearing on 
cases iiuohing compensation, insurance, etc A. studj of the condition will clear 
up questions of malingering to a high degree 

I ln\e seen a number of cases of this particular rarieti of atrophi, and it is 
extrcmelj troubicsoine Onb comparatneh recenth have I become aware of the 
CMstence of Sudeck’s atropiiy as a clinical entit\ No one knows the e\act cause 
Dr Gurd pointed out an e\treineK important feature, that while the roentgeno- 
gram demonstrates definite atropln of the bone, it does not demonstrate what I 
am sure is equally present, great atrophy of the ligamentous structures The case 
presented b\ liim in which the foot was involied was aeri convincing because 
the flattening of the arcli was due not to the bone atroph\, as the bones remained 
intact, but to the ligamentous atroph\, which, unfortunateh, had not been well 
sliown bj am of the pathologic reports 

It is Unfortunate that in so mam cases it is necessary to use plaster of pans 
to immobilize the affected joints sufficicntb Plaster of pans is distinctb inhibi- 
tne to the formation of bone Calcium is absorbed in the bones w'hen circular 
plaster of pans casts arc applied, and it is unfortunate that splints or plaster casts 
w'lth windows cut in them cannot be used more uniformh, so that the treatment 
w'hich I beliere to be c\tremeb important, tliat with sunlight or imitation sun- 
light, can be applied The giving of large doses of calcium in anv of the newer 
lorms might be of adsantage, but rest is the main feature of importance 

The use ot s\ mpathectonn or interruptions of the autonomic nervous sjstem 
seems to me to he contraindicated in cases of Sudeck s atroph>, because there is 
already too actne a circulation The word “nimieti” was new' to me I there- 
fore went to the exhibit dow'nstairs and looked into the two largest medical 
dictionaries, neither of which features “nimieti " I judge that it means an 
excessne amount 

One more feature is that in most of these eases the atrophy is confined to the 
bones making up the affected joints and not to the chaphvses or ana other bones 
in the skeleton, this show's that this unusual and interesting disease is not con- 
nected in anv way with mvoliement of the parathvroid glands 

Dr Robert V Fonsten, Universitj, Va Since hearing Dr Curd’s paper 
I haae a clearer understanding of posttraumatic acute atroph> of the bone than I 
haae ever had before He has gone careful!} through the chronological develop- 
ment of this particular sjiidrome into a clinical entitr and has established a 
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I'lg 3 (case 19) — 4 , roentgenogram showing the original conditions before 
reduction, B, mow showing marked patcln osteoporosis tw'o months after injurj 
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ment except the one which I believed would cure him, and finally had the arm 
amputated 

Case 3— A woman about 50 ^ea^s of age had had her shoulder moved, under 
gas anesthesia, to break up adhesions About six weeks later, while she was still 
wearing an aeroplane splint and receiving physical therapy, osteoporosis developed 
in the hand Rest, heat and medication for what was thought to be arthritis gave no 
relief In this case the roentgenogram revealed the true condition Sympathectomy 
ga\e complete relief from pain 

Case 4 — A woman about 65 years of age suffered Colles’ fracture Reduc- 
tion was good, and she made uneventful progress Soon after the cast was 
removed, swelling, changes in color and other signs of osteoporosis developed 
A roentgenogram showed osteoporosis, but also that union of the fracture was 
not complete Replacement of the splint gave relief, so did heat and massage 
These measures were carried out with complete cure 

Case 5 — ^A woman, aged SO, received a small chip fracture in September 
She W'as first seen earh in November Roentgenographic changes were slight, 
but the clinical picture was marked Sj'mpathectomv was done, and relief was 
almost instantaneous, but swelling and color changes subsided slowlj How- 
ever, four months later there was complete cure chnicalh associates and I 
have found almost invariabh that the patient has discovered some position in which 
he holds the limb m an attempt to get relief This position differs w’lth each 
patient 

ABSTRACT OF DISCUSSION 

Dr Philip Lewin, Chicago I w’ant to ask Dr Curd whether cold applications 
or local anesthesia have any place in the prophylactic treatment of this lesion 

Dr Fbaser B Gurd, Montreal, Canada I am sure that all appreciate that 
I purposely avoided discussing treatment, and, with permission, I shall continue to 
side-step this question, apart from reiterating again mv conviction that an> 
form of treatment which is accompanied by pain, or would be accompanied bj 
pam if an anesthetic were not used must be avoided at all costs 

Although this IS the place, there is not, I believe, the time to discuss Dr 
Ryerson’s question as to the use of plaster of pans casts I prefer the use of 
circular plaster of pans casts as an immediate treatment of most fractures below 
the knee 

“Nimiety” is a word used by Greig It is defined in the Oxford dictionarj 
and does, as Dr Ryerson assumed, mean excess or redundancy I assumed that 
perhaps others might not know the meaning of the word “nimiety,” consequenth 
I always use the word “hvperemia” at the same time when talking of “nimiety” of 
the blood supply 

With regard to Dr Funsten’s case, I am not sure as to the diagnosis One 
important bit of evidence one would like to know in connection with it is the 
extent to which the patient ultimately recovered function and the length of time 
required for that condition to be brought about 

Dr Carothers’ presentation was so complete in itself that I do not think that 
there is any particular reason for my taking up the matters discussed by him, 
unless it were the question of sympathectomy, and, as I have already indicated, 

I do not believe there is time at the present moment to discuss it 

In the case presented by Dr Carothers in which there was tvpical moth eaten, 
flaky atrophy of osteomv elitis of the tibia, I refer again to my first remarks m 
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was applied, which was bivalved six w'eeks later Roentgen examination 
was made on December 11 The picture showed no evidence of important decalcifi- 
cation Phjsical therapy w'as emplo\ed for four wmeks, and at the end of ten 
weeks from the date of injury weight bearing, with crutches, was allowed At 
this time, full, free and painless motion was present and but little swelling 
Chnicallj’, alinement was perfect On Jan 24, 1935, the patient received a five 
hour treatment in the fever machine on account of cerebrospinal syphilis On 
January 23 she turned her ankle, she suffered pain at the time but thought nothing 
of It On January 25 there was severe pain in the ankle and foot, wuth considerable 
swelling and some darkening of the skin When the patient was seen by Dr 
Bates tw'o w'eeks later, the foot and ankle were verv much sw'ollen, and she com- 
plained bitterly of pain , the foot at that time was quite obviously pronated Roent- 
gen examination made on February 7 showed deformity and marked patchy bone 
atrophy 

Dr Bates m his lettei to me stated that the question of Sudeck’s 
atiophy had been immediately considered when the roentgenogiams 
w^ere examined, exhibiting as they did the picture of patchy osteoporosis, 
associated clinically with intense pain, swelling and loss of function I 
believe that the injur}^ repoited by the patient as having occurred on 
Janiiaiy 23 w^as more likely to have been responsible for the onset of 
the condition than the use of the fever machine The pictures taken 
in Januaiy show' nioreovei, that the almost perfect leposition of frag- 
ments sliowm had been lost 

Dr R C Moehhg, of Detroit, furnished the description and roent- 
genograms of a veiy interesting case 


Case 24 — On June 24, 1934, a syringe w'lth a long needle fell on the foot of 
the patient, aged 46, and the needle penetrated the foot between the tarsal bones 
for at least 2 inches (5 cm ) The same evening the patient suffered a chill 
and marked pain in the foot The pam became very severe, gram (0 032 Gra ) of 
morphine being required to relieve it, and the sw'elhng increased for about a 
week The skin became shim, and later cjanosis developed Two weeks after 
injury roentgen examination, made with a portable unit, re\ealed rather marked 
osteoporosis of the tarsal bones next to where the needle had entered On August 
20 further roentgen examination show’ed w'ell marked, patchy bone atrophy,, 
imohing all the bones of the tarsus, the metatarsus and the phalanges (fig 5) 
Phjsical therapeutic measures were instituted, and one month later pain in the 
foot was slight and was improMng, the sw'elling was lessening and the normal 
pink color had returned to the foot 


Although Greig did not use the expression acute bone atrophy, or 
ail} comparable term, he did refer to the fact that comparative hyper- 
emia in disused bones may be not a purely passive phenomenon but an 
actne one one which is reflex through the autonomic nerves bringing- 
aboiit an active dilatation of the blood vessels He stated that one of 


n Greig Da\id M Clinical Obseraations on 
Bone, Edinburgh Oluer & Bo%d, 1931 
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EARLY ASYMPTOMATIC ACOUSTIC TUMOR 

REPORT or SIX CASES 
MARY HARDY, D Sc 

AND 

S J CROWE, MD 

BALTIMORE 

In Cushing-’si book “Intracranial Tumoius,” published in 1932, the 
term acoustic tumour” was used to describe the grow’th which originates 
in that portion of the acoustic nerve wdnch lies within the internal audi- 
tor}'’ canal Dr Cushing stated that histologically such a tumor resem- 
bles those seen m other parts of the bodj' in Recklinghausen’s disease, 
that It IS probably congenital and that clinically a loss of vestibular 
response to caloric tests is an earl}'- objectne sign wdnch precedes com- 
plete loss of hearing 

As an acoustic tumor increases m size, the nerves in the internal 
auditory canal (cochlear, lestibular, facial and intermediate nerve of 
Wrisberg), togethei wuth the internal auditory artery, winch is the mam 
source of blood suppl3' foi the inner ear, aie compressed against the 
bon)'- w'all of the canal, and an increasing impaument of function lesiilts 
Indeed, the pressure of the growing tumoi often enlarges the auditory 
canal , this is sometimes seen in roentgen films An acoustic tumor 
may grow tow'ard the brain stem, occupy the cerebellopontile angle and 
give rise to symptoms caused by iiwolvement of other cranial nerves 
Cuslnng made a distinction, how'ever, betw'een the acoustic tumor which 
originates from the nerves deep m the auditory canal and the choles- 
teatoma, glioma and other types of new growth that may occupy the 
cerebellopontile recess 

In our investigation of the middle and inner ear, we have since 
1924 been collecting and making seiial sections of temporal bones, in 
order to coi relate histologic structuie with antemortem clinical tests 
of hearing and vestibular function The tests for hearing are made 
with the Western Electric 1-A or 2-A audiometei, tuning forks and the 
voice When the patient is not too ill the tests are made in a sound- 
proof room Masking is used to insure that the recoid of hearing for 
each ear is accurate The only studies on vestibulai function have been 

From the Otological Research Laborator\ of the Johns Hopkins Universitj 

1 Cushing H Intracranial Tumours, Springfield 111, Charles C Thomas, 
Publisher, 1932 
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COMMENT 


Watson Jones and Roberts published reproductions of roentgeno- 
giams made in two cases of Colies’ fracture (p 468, fig 314) One 
of these pictures shows marked patchy bone atrophy, particularly of 
the carpal bones and the ends of the metacarpals They expressed the 
opinion that decalcification m this case was due to disuse of the hmb, 
since It had been immobilized by splints, whereas in the other case the 
extremity had been so fixed in plaster of pans that function of the 
hand had not been seriously interfered with I believe that the authors’ 
statement of the reason for this decalcification is not coirect, and I am 
of the opinion that the one case was, in fact, an example of acute hone 
atrophy, although the reason why the condition should have occurred 
m this case is not evident, as no histoi}' is given 

In April 1934 a contribution by Donald Gordon of New York 
appeared under the title “Disability Due to Swelling Following Trauma 
of the Extremities ” Gordon and I agree that the disability which fol- 
lows 111 certain traumatic cases is associated with swelling, we diffei, 
however, as to the relationslup Gordon believes the swelling to be 
the primary cause of the changes wdiich are set up m the hmb, wdieieas 
I am of the opinion that this phenomenon is one of the moie easily 
demonstrated results of the piesence of those changes which have been 
described undei the heading of posttiaumatic acute bone atiophy 
Another essential difference in the view's of Gordon and myself is that 
W'hereas the former believes that ischemia is responsible for initiating 
the condition, in my opinion the evidence seems to prove that excessive 
ciiculation, or to use Greig’s terminology, a nimiety of blood suppl}' to 
the part, is the essential primaiy cause 

The lebults of treatment appear to prove that the process of 
acute bone atrophy is reversible, the length of time required to bring 
about clinical cure is likely to be prolonged for fiom six months to an 
even longer peuod With refeience to treatment, I believe that the 
most important memorandum is that pain should be avoided and, more 
pai ticularly, that aii)'thing m the nature of forcible manipulation, eithei 
\\ ith or w ithoiit an anesthetic, should be excluded 

In the case of the upper extremity, it further insult to the tissues 
IS avoided the course is toward repair The patient should be warned 
that no painful moiements of any sort should be undertaken I hare 
employed both snugly fitting unpadded plaster casts and physical thera- 
])eiitic measures especialh diathermy with hot bathing at home The 
latter procedure, as a lule, pleases the patient better and also is followed 


12 Tones, R \\atson, and Roberts, R E 
Ossificition, Bnt T Surg 21 461 (Tan ) 1934 


Calcification, Decalcification and 
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case (fig 13) there was a growth on each side that seemed to arise 
from the meninges (meningioma) The tumor in the remaining case 
(fig 14) differs from all others we have seen in this locality in that it 
contains glial tissue and large nerve cells Dr Adolf Meyer expressed 



Fig 2 — Pliotomicrograph of a section through an angiomatous network of 
blood \essels in the ganglionic region of the inferior division of the vestibular 
ner\ e , X24 



Fig 3 (case 1) —The inferior division of the vestibular nerve is seen in 
section as spread out in a crescent-shaped band on the side of the tumor 
other nerves and the inner ear were normal , X7 


this 

The 


the opinion that the growth originated from misplaced sympathetic gang- 
lion tissue 

An angiomatous-hke nettvork of blood vessels, similar to that shown 
m figure 2, was observed in three of the cases m which a tumor was 
present and in se^en others of the 250 cases m which examination 
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clear clinical, diagnostic and etiologic standard for the disease As I review from 
niemori cases which I recognize now to have been instances of posttraumatic 
acute bone atrophy, I wish that I could have had the advantages of Dr Curd’s 
suggestions as to treatment 

My impression has been that there were two types of the disease — one occurring 
within two or three weeks after injury and showing rather extensive changes m 
the calcium in the affected bones and the other occurring at a later period after 
injury Concerning the former, I should like to show a roentgenogram that was 
taken of a man 65 years of age three w'eeks following his injury This roent- 
genogram shows extensive decalcification with blurring of the structure of the 
hones, which was not present m the roentgenogram taken at the time of his 
injury In this roentgenogram calcified vessels may be seen also which seemed 
significant to me Dr Curd considers hyperemia to be one of the etiologic factors 
I should like to ask him if the reversal of this could also produce similar changes 
in bone from this cause rather than the ischemia w'hich develops as a result of 
swelling, as suggested by Greig 

Dr Ralph G Carothers, Cincinnati In the fracture service at the Cincinnati 
General Hospital Dr Herrmann advises sj’mpathectomj in most instances, wiiereas 
Dr Gurd has used nonoperative methods in his cases The discrepancj' of these 
two points of view is more apparent than real There are many persons wuth post- 
traumatic osteoporosis wdio will get well without treatment Physical therapy will 
w ithout doubt cure manj others, but sympathectomv m cases accompanied by great 
pain will, I beheie, relieve the pain earlier and certainly hasten the cure Thirty- 
seven cases have been referred to Dr Herrmann in thirtv months, but he operated 
only on the jounger patients of this group The average time at which these 
patients returned to work was three months The others, whose general con- 
dition and age contraindicated operation and wdio W'ere treated by physical therapy 
alone, were slower m recovering, though m most cases the condition was of the 
milder ttpe to begin with The patients operated on were those who suffered from 
a painful swelling wdiicli was made w'orse by splinting and rest and w'as unrelieved 
bv pliisical therapv These were patients who had torn off splints and for 
w'hom casts had been changed and all manner of measures had been carried out 
111 an attempt to give relief from pain As the pain was of visceral origin, it 
was difficult to obtain relief except wuth the administration of morphine Further- 
more, b\ the uninitiated the reason for the pain cannot be appreciated, and many 
jiatients haic been unjustlj tagged malingerers A few' cases wall illustrate my 
point 


Case 1 The patient did not suffer from acute painful posttraumatic 
osteoporosis and had no swelling, changes m color and no pain in the foot How- 
eier the roentgenogram showed marked osteoporosis of the foot, which had 
followed a compound fracture of the tibia with infection 


Case 2— a aoung man was seen six weeks after a fracture of one of the small 
bones The position of the fragments was perfect, but the roentgenogram show'ed 
nmked osteoporotic changes There were some swelling, tjpical changes m 
color and great pain The pain had been present since the mjura, and the patient 
had gone from one plnsician to another seeking relief Splinting had been 
ineffeclual, so had diathenm, intra-rcd raas and massage I adiised operation 
on the brachial arteri, which the patient refused He was not seen again, but I 
kaic learned that he went from one office to another, triing eien sort of treat- 
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with the audiometer, tuning- forks and the voice, made by Dr C C Bunch showed 
normal hearing ,n both ears On account of the patient’s condition and in the 
absence of either vertigo or nystagmus, a caloric test was not made 

The growth was on the left side and arose in the inferior division of the 
vestibular nerve It was about 2 5 mm at its greatest diameter There was no 
evidence of a new growth on the right side The involvement of the nerve 
and the size of tlie tumor in relation to the size of the internal auditor} canal at 
this point is shown in figure 3 In figure 4 the grow’th is seen invading the 
ganglion of the inferior division of the vestibular nerve The location of the growth 
and Its relation to the other nerves are shmvn in figure 5 

In this patient a new' growth, which invaded a branch of the restibular nerve, 
did not gne rise to subjective or objective clinical sMuptoms The grow-th for the 



Fig 6 (case 2) — At the level of this section, through Scarpa’s ganglion, 
both divisions of the vestibular nerve were infiltrated bv tumor cells, and by the 
angiomatous netwmrk of blood vessels, X7 

most part was outside the nerve, but it wns not attached to anv of the adjacent 
structures 

Case 2 — A man aged 64 had bilateral adrenal tumors (neuroblastoma) 
and died of pneumonia about two weeks after operation When his hearing was 
tested, m November 1930, the patient was ill and very emaciated Neither tuning 
fork nor restibular tests were made, but the tests with the audiometer showed 
hearing to be w'lthin the limits of normal on both sides The patient had never 
had vertigo, and nystagmus was not observed 

The growth W'as on the left side It had invaded both divisions of the ves- 
tibular nerve, as shown in figures 6, 7 and 8 Some of the ganglion cells m 
Scarpa’s ganglion had been destroyed This was one of the cases in w'hich both 
a tumor and an extensive angiomatous network of blood vessels in the nerve 
were observed The greatest diameter of the growth was S mm The tumor 
did not involve the cochlear nerve When the brain w^as removed the nerves 
in the internal auditory canal of the opposite side were pulled out, so we 
have no definite information as to whether the tumor was unilateral or bilateral 
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-quoting Sudeck’s titles of his first two original articles This condition unquestion- 
ably occurs in any condition in which there is “nimiety” of the blood supply, or 
hyperemia, whether due to staphylococcic or tuberculous infection But the problem 
being discussed is why one sees similar conditions m cases in which there are 
no tumors or acute inflammatory change with its accompanying “nimiety” of 
blood supply 

In regard to the use of cold applications and local anesthesia, I do not know 
whether cold applications are Aaluable and I have had no experience with local 
anesthesia 
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or the cochlear nerve but was attached to both We are unable to determine 
the exact point of origin In this case there was also a network of blood vessels 
in the neighborhood of the tumor (fig 10) 

The patient was an old man with a very small tumor, uhich either had been 
present for a short time or had had an exceedingly slow rate of growth Mitotie 
figures were not seen in the sections of this or any of the other tumors reported 
on in this paper 



Fig 9 (case 3) — This ^e^J small tumor was located between the cochlear 
ner\e and the inferior division of the aestibular nene proximal to Scarpa’s 
ganglion 



Fig 10 (case 3) — This section passes through the greatest diameter (0 7 mm ) 
of the tumor, and shows its close relationship to the cochlear nerve and to the 
inferior division of the aestibular nerve, X7 

Case 4 — A white woman aged 61 died in April 1931 of chronic nephritis 
and hypertension The general condition of the patient, who was on the verge 
of uremia, was such that complete functional tests were not made The audiom- 
eter test showed that the hearing was the same for both ears, and the vestibular 
caloric test caused a normal response on each side 


HARDY-CROIVE— ASYMPTOMATIC ACOUSTIC TUMOR 293 

made with the caloric test Appioximately eight hundred pans of tem- 
poral bones have been collected and sectioned A detailed stud}^ of 
serial sections in two hundred and fifty unselected cases disclosed that 
m si\ there was an acoustic tumor which did not give rise to clinical 
symptoms The tumors were so small and so deep m the internal audi- 
tory canal that they were ovei looked at autopsy and at the time the 
gross specimens were desciibed in the laboratory 



I ig 1 A scmichagranmiatic drawing o{ the human labjnnth and its inner\a- 
tion, showing especialli the branching pattern of the lestibular ner\e (Hardi, 
A Amt Rec 59 403, 1934) Reference should be made to this representation 
01 the normal condition in studMiig figures 5, 8, 9, 11, 13 and 14 

Ihe diagrammatic drawings show for each case the si7C of the tumor, 
Its point of origin and its relations to the nenes in the internal auditon 
cmal as determined from the serial sections In four of the siv cases 
the tumor arose m the restibular nerre (figs 5 8 9 and 11) In one 
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nerve Tlie growth seemed to arise from the dura covering the bony ridge (crista 
transversa), which separates the cochlear from the facial nerve It was difficult 
to make this relationship dear in the drawing (fig 13) The sections showed 
that the growth passed downward across the fundus of the internal meatus from 
Its attachment to the dura and involved a few small bundles of the cochlear 
nerve just before thev entered the cribriform plate Histologically the tumor 
cells resembled those seen in the tumors previously described 



Fig 13 (case 5) — This elongated small tumor, attached to the dura mater 
covering the crista transrersa, iinohed a few bundles of cochlear nerve fibers, 
these are too small to be represented m the drawing The dura of the internal 
auditors canal is schematicallj shown m this drawing 



Fig 14 (case 6) —This tumor, which differed histologicallj from the other 
five, pushed aside part of the cochlear nerve but did not invade its substance 

Case 6— A Negro aged 28 was admitted to the Baltimore City Hospital 
(Bay View) with advanced pulmonary tuberculosis The Wassermann reaction 
was positive The patient had never had difficulty with h.s ears The ^"diometer 
test made by Dr C C Bunch m March 1929 (one month before death), 
showed hearing within normal limits The reactions to the tuning fork test were 
also normal Vestibular tests wmre not made 
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was made As a rule this vascular network lies in or around the 
vestibular rather than the cochlear or facial nerve No evidence of 
vestibular irritation was noted in any case in which a tumor or a network 
of blood vessels in the nerve was observed 



Fig 4 (case 1) — The invasion of the vestibular nerve in the region of Scarpa’s 
ganglion is well seen at this magnification (X130) Histologically the tumor was 
identical with large acoustic tumors that give rise to severe s\mptoms 



Fig 5 (case 1) — ^This and the other outline drawings (b> Alax Brodel) 
show the location and the appro\imatc size of each tumor in relation to the 
labiruith as a whole (For complete labeling of the parts, see figure 1 ) 

REPORT or CASES 

C\SF 1~ \ Xegro aged 30 was admitted to tlie medical seraice of the Johns 
lopkins Hospital m October 1928, with saphilitic aortitis and Inpertension The 
patient made a definite statement that he had had no aertigo or tinnitus Tests 



SURGICAL TREATMENT OF CHRONIC ULCERATIVE 

COLITIS 

WITH SPECIAL RErniiEKCE TO APPENDICOSTOMY OR CECOSTOJIY 

TUBE IRRIGATION 

CARL A KUNATH, MD 

rOWA CIT\ 

Twenty yeais ago ulceiative colitis was considered a disease belong- 
ing exclusively in the field of internal medicine, and the surgeon was 
called on to treat only certain complications that arose The tieatment 
of the disease process itself by surgical procedures is, relatively speak- 
ing, still in its infanc}^ and has not yet reached the stage of universal 
acceptance If one follows the histor}' of the subject one sees surgical 
procedure after surgical piocedure rise wnth a w'ave of enthusiasm only 
to be forced into the background b)'^ some innovation in medical treat- 
ment The large number of methods of attack in use today, together 
w'lth the high moitahty that still prevails, make it obvious that the ideal 
method of treatment has not jet been discovered 

In general, the suigical procedures that have been developed aim 
at one of three things (1) to provide an avenue for direct irrigation 
of the diseased bow'el (e g, appendicostomy) , (2) to establish a con- 
dition of phj^siologic rest foi the diseased bowel by diverting the fecal 
stream (e g , ileostomy) , (3) to eradicate the disease by total or partial 
colectomy On the whole, the results have been far from encouraging, 
and the tendency has been for the suigeon to advise more and more 
radical procedures eailier in the course of the disease In reviewing 
the literature on this subject it seems that ileostomy is the treatment 
accepted in most of the leading clinics dealing with this disease How'- 
ever, colectomy appeals to be gaming favor rather rapidly 

For leasons to be discussed later, w'^e in this clinic have, during the 
past four 3'ears, treated a number of patients foi chronic ulcerative 
colitis by a more conseivative form of therapy, namely, the establish- 
ment of an appendicostomy or a cecostomy wnth subsequent irrigation 
of the diseased boivel through a tube This is bj'^ no means a new' 
proceduie, but it has piovided a convenient method of comparison w'lth 
the more radical procedures and has enabled us to draw' a few' con- 
clusions about the disease in general 

From the Surgical Service of the University Hospitals, Unnersity of Iowa 
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In this patient there was e'.tensive invohement of both divisions of the 
Testibular nerve at the level of Scarpa’s ganglion, but clinicalh there was no 
evidence of vestibular irritation 

(3,\SE 3 A Negro aged 78 in December 1929 was admitted to the medical 

wards of the Baltimore City Hospital (Bav View) with chronic mvocarditis 
and senile dementia It was difficult to obtain a reliable histon or to make 



Fig 7 (case 2) — This is a portion of the section shown in figure 6 at higher 
magnification, X130 This area shows normal nerve fibers and ganglion cells 
111 close relation to the tumor cells 



Fig 8 (case 2) -The greatest diameter of this, the largest of the six tumors, 
was about 5 mm ’ 


accurate tests of hearing The responses to vestibular caloric tests, however 
were normal on both sides 

It "" millimeter in diameter 

t lav between the cochlear nerve and the mier.or division of the vestibular 

:rth'':n’;atT\f Histdogicaiu n was identical 

(fig 41 The growth had not invaded cither the vestibular 
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or some tune aftei returning home The mortality late for the entire 
group IS 46 pel cent There were ten early deaths, which occurred 
fiom one to twenty-four days following operation, the average interval 
being eleven and one-thnd days Permission to perform an autopsy 
was secuied m seven of the ten cases Peritonitis stood first as the 
cause of death, being the diagnosis m 70 per cent of the cases In four 
cases the peritonitis was generahred, m three it was localized with 
abscess formation Definite perforation of the bowel was found in only 
two cases, in another there was a perforation of the bladder Other 
causes of early death weie pulinonar\ infarction and bronchopneumonia 
In one case m which permission to perform an autopsy was not gi anted 
death was probabl} due to geneial debility, and depletion from the 
colitis itself 

There weie siv late deaths, which occurred from seven months to 
four and one-fouith }ears aftei opeiation, the areiage interval being 


Tahlc 2 — Moitalitv Classified as fa Vanous Opciative Pioccduies 



lotttl 


■vrortantr 



Xumlicr of r- 





Operation 

Operation' 

Enrlj 

Late 

Total 

Ileostonij 

12 

0 

i 

10 (SS%) 

Colostoin\ 

7 

2 

0 

2 (297e) 

Ilco'iKiiioltlostomj 

1 

0 

0 

0 

ippondico'toiiij orcito'tom) 

19 

2 

2 

i (21%) 

Colcctoinj 

0 

0 

0 

0 

Total 

41* 

10 

6 

10 


* On 33 pntlents 


t3\o and one-third years These patients died at home, and the cause 
of death is theiefore not certain Two of the deaths were probably 
due to a continuation of the colitis with possibly some intercurrent 
infection Two deaths occuired as a lesiilt of operations performed in 
other hospitals at which time the ileostomies weie taken doivn and the 
continuity of the bowel lestored One patient died of penumonia and 
diabetic coma In anothei patient a thrombosis of the arteries to both 
legs developed and death followed extension of the thrombus up the 
lower part of the aorta As is shown in table 1, the laigest percentage 
of deaths occurred in the acute cases 

Table 2 piesents figures for the mortality associated with the vanous 
types of operative procedures used The most startling figure is that 
foi the ileostomy group which shows a moitahty of 83 per cent It 
IS also somewhat surprising to note that appendicostomy and cecostoniy, 
generally considered the most conservative of all surgical procedures, 
carried a mortality of 21 per cent 
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The tumor, \%hich ^\as on the right side, ^^as extremeh small (fig 11) It 
orunnated m the region oi the isthmus of Scarpa s ganglion and histologicalh 
(fig 12) was 'leo similar to the growths in the preceding cases An abnormal 
network of blood vessels was seen in the Mcmit% of the tumor 

This was the smallest acoustic tumor we ha\e seen It originated in the 

vestibular division oi the eighth nerve. ^ tt . i 

C\SE 5— A Xegro aged 37 died in Januarv 1931 at the Baltimore Citv Hospital 
(Bav View) oi pulmorarv tuberculosis The audiometer test, made three weeks 



Fig 11 (case 4) —This was the smallest tumor oi the group, it lav enUreh 
within Scarpa’s ganglion 



Fig 12 (case 4 j — ^This section shov s the tumor at its greatest diameter 
(025 mm), with normal nerve fibers and ganglion cells or the vestibular 
nerve, X130 

before death, showed normal hearing lor low tones and some impairment bilaterallv 
lOr the irequenaes above 2r6 double vibrations There v' as no historv of tuuutus 
or of vertigo The patient was quite ill Spontaneous nvstagmus was not noted 
The caloric vestibular test caused normal reactions on the right but a retarded and 
vcrv feeble nvstagmus on the lett side 

The tumor differea from those acicnbea prevnouslv m that it was bilateral 
and involved the cochlear rather than the vestibular division or the acoustic 
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improve following opeiation weie treated by the irrigation type of 
theiapy It is also noteworthy that two of the three patients who were 
called chnicall}' ■vv^ell” ha^e had colectomies 

CASE STUDIES 

As might be mfeired from the foregoing tables and the comment, 
there has been a tendenc} in this clinic during the past foui years 
to tieat more of the patients by the irrigation technic, using either an 
appendicostomv or a cecostomy foi this purpose This trend has been 
brought about not only by the higher mortality connected with the more 
radical procedures but by the distressing conditions that we have seen 
as a result of ileostoiU} It has not been uncommon in oui experience 
to ha\ e a patient tell us that he would rather be dead than go on living 
nith the opening into the ileum, we have had to admit in certain cases 
that the patient was probabi}? justified in such a statement It is chiefly 
for this leason that we have letuined to a more consenative form of 
therapy, and at this time icport a series of eighteen cases in which 
colitis was treated in this way We have analj'zed this group of cases 
rather closely to determine, if possible, whether or not such temporiza- 
tion was justified The few facts that we have learned can be brought 
out best b}' a few isolated illustrative case studies 

Cask 1 — A 22 year old man entered the hospital with \ery idianced ulcerative 
colitis of two years’ duration He was having as many as twenty-four stools 
daily, containing blood and pus He had lost 30 pounds (13 6 Kg) and showed 
all the signs of depletion An appendicostomy vas done, follo^\lng vhich the 
course was stormy Irrigations were earned out but seemed to aggravate rather 
than improre the condition After a trial of this therapy for about five weeks 
without much improvement, an ileostomy ivas done This ivas followed bj marked 
improvement with gam m weight and strength He continued to bleed, however, 
and his anemia kept him constantly under par For this reason he was subjected 
to a total colectomy, which w'as done in two stages He is now chnicallj well, 
and the ileostomy opening is functioning satisfactorily 

This case is reported as an example of an appendicostomy wdiich 
failed to bring about improvement Briefly it lepiesents a consenative 
measure being applied to a very advanced lesion 

Case 2 — A 23 year old W'oman entered the hospital with advanced ulcerative 
colitis of two years’ duration She was having from twelve to eighteen stools 
daily, containing blood and pus She was going down hill rather rapidly, had lost 
40 pounds (18 31 Kg) and was verj anemic An appendicostomj was done, and 
under irrigation therapy she made definite improvement to a certain level then 
improvement stopped She continued to bleed from the rectum, and her anemia 
held her down One year later a colostomy W’as done in the mid-transverse colon, 
a roentgenogram having previously shown the bowel proximal to this point to be 

comparatively normal i . 

The colostomy was followed m three months bv the first stage of a coiectomj, 
at which time the rectum and lower portion of the sigmoid were removed bj an 
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The tumor was on the right side As shown in figure 14, the growth did 
not invade but pushed aside the cochlear nerre The growth was traced from the 
internal meatus through an opening in the cribriform plate to a nodular expansion 
above the group of cochlear ganglion cells supphing the upper basal coil The 
nerve structures in this region also were not destrojed but were pushed aside 
Figure 15 shows that the tumor contained glial tissue and nerr e cells wuth marginal 
Nissl bodies 

The acoustic nerre on the left side was pulled out at autopsy, so w'e do 
not know^ whether or not a similar growth w'as present in the internal audltor^ 
canal on this side There was no tumor in the modiolus 



Fig 15 (case 6) — This is a section of a tjpical area ol this unique tumor, 
which consisted of glial tissue with scattered nerre cells A. process of one of these 
cells IS caught m the plane of the section, X130 

SUMMARY 

Examination ot seiial sections of the temporal bones m ttvo hundred 
and hit} cases revealed a small acoustic tumoi in six Each grow'th was 
entirely w ithin the internal auditory canal The largest was about 5 mm 
in diameter and the smallest about 0 25 mm 

The vestibulai nerve was involved b}’’ foui of the tumors and the 
cochleai nerve by twm 

Histologically, five of these tumors w'ere alike in cellular structure, 
they lesembled large tumors found on the acoustic nerve and in the 
cerebellopontile angle The sixth tumoi w'as difterent from any growdh 
W'e have seen in this localit}' 

An angiomatous network of blood vessels was present in three 
cases m w’liich there w'ere tumors and in seven of the othei cases , 
the network involved the vestibular ner\e 

These lesions, both the tumors and the angiomatous netw'ork, w'ere 
as) mptomatic Irntatn e s} mptoms are not produced by growths that are 

too small to cause compression of the contents of the internal auditory 
canal 
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marked sepsis and died twentj-four days after operation 
alizcd peritonitis (% 2) 


Autopsy revealed gener- 


Ihis lep.esents a type of case in which the irrigation type of 
theiapy seems definitely contraindicated It is difficult to avoid the 
conclusion that the iirigations stiiied up the bleeding and infectious 
pioccss It ajipeais that the patient required some operative proceduie 
to side-track the fecal stieam and put the diseased bowel at rest It 
IS piobably this type of case that is lesponsible for the often used 
phiase “ileostomy to save life ” 



Fig 2 — A, photograpli of a portion of the colon from case 2 (W M ) This 
shows the complete loss of haustratioiis — the garden hose type of colon Several 
poh'pi are present The great accumulation of fat outside the bowel is also quite 
characteristic (surgical specimen) 

B, photograph of the colon (autops 3 ' specimen) from case 3 (M S ) This 
shows an entirely different picture with ulceration and poljpoid hjperplasia This 
case was marked by a great deal of blood in the stools 

Case 4 — A 26 j ear old man entered the hospital complaining that he had had 
bloody stools, from ten to fifteen daily, for a month He was febrile, was losing 
weight rapidly and was bedfast because of weakness A cecostomy was done, and 
irrigations were carried out His postoperative course was very stormv and he 
gained slowh After two months he was discharged from the hospital still a\er- 
aging from nine to twelve stools daily, containing blood, and he had a daib tem- 
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\ ITAL STATISTICS 

We now may leview a series of thirt 3 ’--five cases of ulcerative colitis 
m each of which some operative procedme was done as a direct attack 
on the colitis The cases were proved by proctoscopic and loeiitgeno- 
logic examination to be of the tiue '"idiopathic type The vital statistics 
of the entire group aie as follows « 

There were fouiteen males and twenty-one females All were white 
with the exception of one colored female The average age at the time 
of operation was 30 years, the joungest patient being 5^ years old 
and the oldest 58 years Most of the patients had been admitted to the 
hospital on previous occasions, the numbei of admissions langing from 
none to six, the average being one During recent years there has been 
a tendency to operate sooner, and the medical department is apt to refer 
the patient to the surgeons at once lather than to give prolonged trial 
to a medical legimen The aveiage duiation of the disease at the time 


Table 1 — Motialilv Classified as to Phase of Disease Ticated bv Ofeiatioii 





Patients Dead 


Patients 

Living 

Group 

Number 

Early 

Late 

Total 

1 Patients operated on during an 
acute phase ol the disease 

12 

6 

3 

9 

(75%) 

3 

(23%) 

2 Patients operated on during a 
chronic phase ot the disease 

23 

4 

3 

(30 4%) 

16 

(69 6%) 

Total 

35 

10 

6 

16 

(46%) 

19 

(54%) 


of operation was three and one-fourth years, the longest duration being 
fifteen years and the shortest one month Forty-one operative pro- 
cedures were perfoimed on the thirty-five patients, several patients had 
two or three operations These forty-one operative proceduies included 
twelve ileostomies, seven colostomies, one ileosigmoidostomy, six cecos- 
tomies, thirteen appendicostomies and two colectomies There were also 
five plastic operations for prolapse, herniation, fecal fistulas, etc 

Table 1 shows the patients classified according to the clinical picture 
presented at the time of operation About a third of them were operated 
on during an acute phase of the disease Three of these weie seen 
dining then first fulminating attack, the others were seen during an 
acute exacerbation of a chronic process Four patients had associated 
acute complications which included perianal and periiectal abscesses, 
intestinal obstruction, acute infectious arthritis and otitis media Four 
patients had a chiomc type of complication, such as stricture, fistula 
in ano and rectovaginal fistula 

mortality 

The patients who died have been divided into early and late grouos 
depending on whether they died in the hospital as a result of operation 
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fiom SIX to ten stools daily, anemia and sjmptoms of depletion the 
lessei of the sevcial e\Mls offered hei 

Cash 6— A 47 \ear old woman entered the hospital with a typical story of 
ulcerative colitis of seven j ears’ duration She was having from eight to ten stools 
daih with some blood and mucus An appendicostomj^ was done and irrigations 
Here begun She showed rather steadj improvement for about a jear and was 
able to maintain her level of impro\ement Her tube then became plugged up, 
and si\ months w'cnt by before she returned to the clime During those six 
months she went steadih dowm hill and lost almost all that she had gamed A 
new tube w as installed and the patient sent home to build herself up again She 
returned recentl 3 % much unproxed by frequent irrigations but dissatisfied with 
the ‘tube life” A barium sulphate enema showed the proximal portion of the 
colon to be uminohcd, and a colostomj will be done This will probably be 
followed bv colcctorn\ 

7 'lic case is included iiere because it show's w'hat usually happens 
w'hen inigations aie stopped in those patients who previously did well 
on 11 ligation theiap} It emphasizes the point that the irrigation treat- 
ment IS iisualh a permanent featiiie wdiich the patient must be prepared 
to accept foi life 

Cask 7 — A 21 sear old woman entered the hospital after three jears of typical 
ulccratn'e colitis She was Insiiig ten to twenh stools daih, containing blood and 
pus, and her lesions w'crc extensne A cecostomi was done, and after a stornw 
course she began to sliow slow' improiement Fourteen months hare now passed 
and slic is still faithfulh irrigating e\era daa When she misses a daj she has 
cramps and other abdominal discomfort She passes aerv little blood, and her 
hemoglobin is onh moderateh depressed During the first eight months she 
gamed 20 pounds (9 1 Kg ) since then she has been able to maintain this lead 
of improvement Her colon roentgenographic senes also show’s rather marked 
improaement The tube giacs her little trouble and she is satisfied She states 
that she aaould rather haae the tube for life than endure a colostomy 

Tins case is included heie because it piobably repiesents about the 
maximum wduch can he piomised a patient with the iirigation t3'pe 
of treatment The next case is probably the exception to the rule and 
IS the one case in avhicli a patient tieated b}' this method has been placed 
in the “clinically w'eil” column 

Case 8 — A 49 a ear old farmer was seen w'lth a typical history of ulceratne 
colitis of one j ear’s duration His symptoms were classic, avith diarrhea, blood, 
mucus and pus in the stools, feaer, and loss of aveight An appendicostomy aaas 
done and irrigations avere started Improaement avas immediate and seemed per- 
manent, so he stopped irrigating When last seen he had been s}mptom-free for 
eighteen months During this time the tube had been left m his side but aans 
functionless He avas having one or tavo formed stools daily avithout blood, pus 
or mucus, avas afebrile, ate a general diet, and felt avell and strong He was 
doing heavy farm labor A barium sulphate enema showed no improvement avhaf- 
ever^m the appearance of the colitis However he avas avilhng to gamble on a 
return of the disease, so avith some misgiaungs the tube aa’as remoaed A\ e laae 
heard from him since and he is still chnicalty aaell 
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STATUS or LIVING PATIENTS 

Theie aie nineteen patients, oi 54 pei cent of oin seines, who are 
living, and we were able to make follow-up examinations oi to obtain 
reports on all of these Classified as to type of disease (table 3), most 
of them fall into the group with chronic colitis On the basis of their 
present status the} haie been classified in foui groups (1) those who 
failed to improve and are now the same oi worse than they were before 

Tabic 3 Status of Lwiug Patients Classified as to Phase of Disease Tieatcd by 

Ofciatwn 


Status of Li\mg Patients 


Group 


Total 

Number 

Patients 

Dead 

Not 

Im 

pro\ ed 
or 

Worse 

Improved 

But 

Improve 
ment Now 

Stationan 

Still 

Impro% 

mg 

Clmicalb 

Well 

1 Patients operated 
in acute phase 

on during 
of disease 

12 

9 

0 

1 

1 

1 

2 Patients operated on during a 
chronic phase of disease 

23 

7 

3 

9 

2 

2 

Total 


35 

16 

(10%) 

3 

(S 0%) 

10 

(2S 5%) 

3 

(8 5%) 

(8%) 


Tablp 4 — Status of Living Patients Classified as to Opciativc Pioccaincs' 


Status of Living Patients 



Number 

of 

Not Im 
proved 

Improved 

But 

Improve 
ment Now 

Still 



Operation 

Opera 

or 

Station 

Improv 

Clinicallj 

Total 

tions 

Worse 

nr> 

Jng 

Well 

Ln mg- 

Ilcostonij 

10 

0 

0 

0 

0 

0 

Colostomj 

6 

0 

4 

0 

0 

4 

Ileosiginoidostoin^ 

1 

0 

1 

0 

0 

1 

Appendicostomj or cecostom} 

16 

3 

5 

3 

X 

12 

Colectomj 

2 

0 

0 

0 

2 

2 

Total 

35 

3 

10 

3 

3 

19 

(54%) 


♦ Classified according to last operation performed 


opeiation, (2) those who improved to a ceitain level following opera- 
tion but in whom the improrement has now ceased, (3) those who 
are still improving, and (4) those who are clinically well The patients 
m the last gioup are sjmptom-free and show definite evidence of the 
peimanency of this state 

Table 4 shows these results according to the type of operative pro- 
ceduie used Seteral of the patients have had more than one operation 
and are theiefore classified according to the last procedure carried out 
t IS interesting to note that all three of those patients rvho failed to 
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all tiled n ligation tlieiap} foi two oi more years and are now in a 
stationary condition with the disease still active enough to pre^ent them 
from becoming useful citwens 

With the foregoing information at hand we liave been forced to 
diaiv ccitam conclusions concerning the suigica! treatment of ulcerative 
colitis in geneial When each opeiative proceduie is consideied sepa- 
latel}^ uhat has each to oftei and what factors contraindicate its use? 

iLi:osTOiAr\ 

Ilcostoni} IS still the choice of the suigical piofession at large in 
the tieatment of this disease Its disadvantages aie well known The 
fecal dischaige is pi of use, watery and nutating Dehydration and 
inanition aic difficult to control, and true vitamin deficiencj' diseases 
may lesult In addition the operation cairies vith it a rathei menacing 
moitahti 

It IS true that m man}' cases a plnsiologic adjustment occurs by 
viitiie of which the dischaige becomes less fluid, and some patients 
may e\en acquire habits wheieby there are only two or three stools 
tlirough the ileostomy eveiy twenty-four hours However, we know 
of no way to pi edict in advance nhich patients will be able to make 
this physiologic adjustment and which will not It may be said in this 
connection that we have better functioning ileostomies since we have 
been cnqiloymg the smgle-baueled technic, the blind distal loop being 
dropped back into the abdomen Up until six yeais ago we commonly 
made a double-barreled type of ileostoni) with the vain hope of later 
reuniting the ends of the bowel 

Some patients aie so miserable as a lesult of then ileostomy that 
the surgeon is evei listening to then pleas to leestablish the continuity 
of the bowel legaidless of whether the sjmptoms of the colitis letuin 
01 not We have heaid patients state that they would rathei die than 
endure an ileostomy, and there are probably a few cases in which the 
patient must make just such a decision The experience of the past 
indicates that m the acute fulminating cases with progiessive failure 
there is nothing short of ileostomy that will save life 

In the chronic cases the i oentgenpgram will occasionally show that 
the disease process stops short of the ileocecal valve, and that the cecum, 
ascending colon and occasionally part of the transverse colon aie not 
involved Such cases are in the minority, however, and m our experience 
this has been true m only about 25 per cent of the series As a rule 
the process begins in the rectum or sigmoid and spreads proximally, 
and the eailiei one sees a case the more likely is one to find an unm- 
volved portion of pioximal colon It is impoitant to bear in mmd this 
so-called regional type of ulcerative colitis which has been emphasized 
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abdominal penneal approach The distal end of the blind loop of descending 
colon was brought out through the abdominal wall Fne months later the second 
stage was done, with remocal of the blind segment of descending colon She is 
now' chnicalh well, all wounds ha\e healed, and the colostomi has produced satis- 
facton functioning (fig 1) 

This case, like the first, makes clear that m cases of this serentr 
appendicostomy and cecostom^ are total!) inadequate and that men 
ileostomv and colostomy ma) fail to arrest the disease Howeter, there 
rvas marked iinprorement following the appendicostoni) , and the case 
illustrates how this simple procedure mav be raluable as a first step 
b) virtue of which the patient becomes a better risk for more radical 
surgical intervention Colectoni) was resorted to in both cases as a 
last resort 

Case 3 — A 22 \ear old woman entered the hospital with symptoms of ulcera- 
ti\e colitis of two 1 ears’ duration She was Iming onlj tw'o or three stools daiK 



Fig 1 — -4, a barium sulphate enema Msualizing the colon in case 2 (W M ) 
before surgical treatment, showing the rather tipical garden-hose contour with 
loss of haustrations 

B, the same colon after fourteen months of irrigations through an appendicos- 
toin\ tube The irrigating tube is m place The arrow indicates a few pohpi in 
the lower portion of the sigmoid which could be seen b\ proctoscop% Pohpi are 
probabh present m about 10 per cent of all cases of ulceratne colitis (Bargen and 
Comfort) The patient was markedh improred chnicalh but was still losing 
considerable blood be rectum For this reason colostoma was done, in the mid- 
trans^erse colon 

C the same colon several months after colostoma There was still further 
improaenient chnicalh also some improaement shown in the roentgenogram This 
patient later had a two stage colectoma with remoaal of the entire colon distal to 
the colostoiin including the rectum She is now chnicallv well 


but was losing much more than the usual amount of blood At the time of opera- 
tion she had feaer and showed signs of toxicita A.n appendicostoma was done 
and irrigations were started The result was rather aiolent hemorrhages both 
through the tube and ba rectum She went from bad to worse, showing signs of 




314 


ARCHIVES OF SURGERl 


or undue fatigue is likely to cause a flare-up It is therefore highly 
important to explain this to the patient befoie operation and impress 
him with the fact that the ai tificial anus must be accepted as a perma- 
nent affaii Jhe hteiatuie is filled with reports of cases in which, 
after improvement has been made, the continuity of the bowel is 
restoi ed , and the results are almost alwa) s disastrous Either the pro- 
cedure IS maiked b}' a fatality or the disease returns 

Knowing that the patients cannot be promised a cure, w'hat can one 
jiromise them fiom ileostomy or colostoinj''^ One can promise them 
definite clinical impiovemeiit This Impro^ement occurs and is often 
len striking 1 he extent of the improeement varies m different cases 
and piobalily depends for the most part on the extent of the lesions 
in the indnidual jiatient Some patients improve to the extent that they 
ai c able to carry on their noi mai activities, and by w^atchmg their gen- 
eral health vei\ caiefulh the} are able to lead a fairly useful and 
hapj)} life This statement assumes that the ileostomy is functioning 
satisfactori)} Otheis never reach this leyel, the disease remaining active 
enough to keep them chronically anemic and in a state of semi- 
iinalidism It is this group of patients that brings one to the third 
operalne piocedure, namely colectomy 

COLECTOXn 

Relatneh speaking, colectomy is a new procedure m the treatment 
of ulcerative colitis Ten years ago it ivas considered a very formidable 
procedure Today it is rapidl} gaming favor in all the leading clinics, 
not so much as a procedure of choice as a procedure of necessitj By 
doing this operation in se^eral stages it has become possible to remove 
the entire poition of diseased colon in patients wdio obviously constitute 
poor surgical risks wnth a mortalit)'- Avhich is little greater than that 
usually ascribed to major surgical operations on the large intestine 
for other conditions On the whole the results have been very giatifying, 
and although there are as yet no clinics reporting five or ten year cures, 
there is every indication that the present good i esults wall be permanent 

The twm cases m which this treatment has been used in this clinic 
are quite recent, but their course to date has been very satisfactory^ 
This method of treatment has been used as a last resort, and justly so 
It should probably ahvays be a secondary operation The indication 

1 Since this paper was written there ha\e been five additional colectomies 
performed in this clinic for ulcerative colitis Another colectomv ivas performed, 
which was not included in the foregoing senes because of uncertain diagnosis, it 
IS now felt that the patient falls into the group w'lth idiopathic ulcerative colitis 
This makes a total of one complete and six partial colectomies that ha\e been per- 
formed in this clinic in the treatment of this disease The usual method has been 
a two stage procedure and three of the cases are still awaiting the last stage 
There have been no deaths 
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perature of about 100 F Two months later he vvent to another institution and 
took a course of serum and laccme treatments He made temporary improvement, 
but soon after he returned home thrombosis of the vessels to the left leg and 
gangrene of that extremity de\ eloped A few days later the right leg became 
similarly iniohed Bilateral amputation was earned out The postoperatue 
course was stormy, and he died one week later At autopsv there was complete 
occlusion of the arteries to both legs, the thrombus extending up the aoita as high 
as the renal arteries One kidnev was completelj infarcted, the other partially so 

This case represents an attempt to tieat by conseivative measures 
a patient with acute colitis seen m a first fulminating attack It seems 
that the iirigation type of theiapy was definitely inadequate, and the 
indication was probably fot ileostomy to save life 

Case 5— An 18 lear old girl entered the hospital with rather extensile lesions 
of two years’ duration She was liaiing about fifteen stools daily udh some 
blood An ileostomy was done, ivhich was followed by the most striking improie- 
ment we have ever witnessed m a patient with this disease We felt that she 
bad been leritably snatched from the graie The transformation from an emaci- 
ated, dehydrated and desperately ill person to a well developed and nourished 
girl with good color and strength w'as little short of miraculous Howeier, she 
had a great deal of trouble, first wuth herniation and later with closure of the 
ileostomy opening, necessitating dilatation and plastic operations After seven 
admissions to the hospital she was so miserable that the opening into the ileum was 
closed and an appendicostoni) tube substituted She did lerj well for a w'hile but 
continued to haie from six to eight stools dailv and lost enough blood to keep her 
moderately anemic and under par all the time There was considerable drainage 
about the tube and finally another plastic operation w’as necessan This patient 
returned to the hospital recently in a state of complete discouragement There 
was a profuse drainage from the appendicostomj w’ound which soiled her clothes 
in spite of massne dressings She stated that she w’ould be wullmg to endure 
the diarrhea if she could only get nd of the draining sinus 

Heie IS a case ivortliy of considerable tbougbt This girl knows 
what it means to have an ulcerative colitis untreated by surgical mea- 
sures She knows what it means to have an ileostom}’’, and although 
she admits that she felt bettei generall}'' ivhile she had the opening into 
the ileum than she ever has since she prefeis to get along without it 
She also knows wliat it means to have an appendicostomy, but she pie- 
f ei s to get along w ithout it It seems that w'^e have here the living testi- 
moni of an intelligent patient against all forms of surgical treatment If 
w e w ere to insist on treating the colitis per se, the obvious thing to do 
would be another ileostomy follow^ed by total colectomy How'ei^er, if 
we tieat the patient herself, the procedure becomes somewdiat debatable 
^^'Ith a certain degree of misgumg w'e finally complied wath hei washes 
and closed the opening into her bowel It seems highly probable that 
It mai be necessan in the future to resort to radical surgical intenen- 
tion For the present, however she is content and considers hainm 
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of improvement, but his genera! condition lemains stationarj He may 
become disgusted witli the tube, which almost invariably has seepage 
about It with tender granulation tissue and a foul odor If he stops 
irrigating or remores the tube he begins to lose ground 

It IS true that some patients show rather striking improvement 
roentgenologically and proctoscopicallj', but usually the roentgenogram 
shows the colon continuing to narrow and foreshorten, wnth gradual 
assumption of the garden hose appearance A cure comes rarely, if 
ever The roentgenograms m figure 4 illustrate this point It appears 
that the eridence of progress obtained by barium sulphate enema is not 
absoluteh lehable, since we have seen definite clinical improvement 
occuiring in patients w'hile the roentgenogram revealed progressnely 



Fig 4— A, the colon of R L before surgical treatment for ulcerative colitis 
The srmptoms were moderated se\ere 

B, the same colon after six months of irrigations through an appendicostomj 
The irrigation tube is in place Still further foreshortening has taken place, and 
the caliber of the bow'el is even more contracted However, the patient has made 
marked improvement clinically and is still slowh improving This show's the 
difficultv in differentiating roentgenographicallj between progression of the disease 
and healing 

increasing loss of haustrations, narrowung and foreshortening The dif- 
ficulty appears to be the inability to difterentiate the roentgenologic 
picture of healing from that of progression of the disease In this 
connection it has also been noted that the colon continues to contract 
and dimmish in caliber after short-circuiting operatons, such as ileos- 
tomy Whether these changes are due to a continuation of the dise^e 
or w'hether they represent healing is a question w'hich the roentgeno o- 
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anal\sis of the appendicostomy-cecostomy group 
Of the entire gioup of eighteen patients treated by the irrigation 
method, foui are dead Two more have had subsequent colectomies, 
but It probably does not follow that they should be included as presenting 
failuies of the method In three more the tube either came out or was 
removed All three showed clinical improvement as long as the tube 
was in place One has been able to maintain this improvement since 
the tube came out, and his condition can be classed as impioved but 
stationar) One went back to bei original state aftei accidental removal 
of the tube and has been in that state ever since The third is definitely 
worse than befoie — bedfast, bleeding and ill This leaves eight patients 
who still have the tube m place and are irrigating faithfully The length 
of time since operation vanes from seven to twenty-six months, the 
average being fifteen and one-half months To these patients must be 
added the one from whom I purposel)' removed the tube and have 
classified as clmicall) well 

The results m this gioup of eighteen patients aie as follows 


Dead 4 

Treatment not followed (tube out) 3 

Tube lemoved purposelj patient clmicall} well 1 

Subsequent colectomies patients clmicall} well 2 

lubes m place patients still irrigating 

Onimproved or norse 1 

Improied but improienient now stationar} 4 

Still improamg 3 

Total 18 


This seems to indicate that at least half the patients improve to 
a certain level and thereafter remain stationary All three of those who 
aie classified as “still improving” have had then tubes less than the 
aveiage length of time for the gioup (se\en, eight and nine months, 
lespectnely) It seems that one must wait at least a year before one 
can be sure that the maximum benefit fiom the proceduie has been 
obtained On the law of arerages it seems likely that those three 
patients will in a few more months fall into the stationary gioup lather 
than the clinically well gioup 

In analy7ing the personal reactions of the patients it was interesting 
to find that only two of the eight patients now having tubes were badly 
dissatisfied with then results The other six patients were anxious to 
get lid of the tube and weie moie or less discouraged but on the whole 
were faiily well satisfied wuth their improvement 

Of the eight patients probably at least three are now^ candidates 
foi more ladical surgical intervention, i e colectomy preceded by either 
ileostoiu) or colostoim This opinion is based on the fact that they have 
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The following classification is based on both the clinical symptoms and 
the pathologic process as shown b}^ barium sulphate enema 

1 Acute fulminating cases 

2 Se\erc clironic cases 

A Roentgenogram shows the entire colon involved 
B Roentgenogram shows only a portion of the colon involved 
(regional form) 

3 Mild cases 

Group 1 represents cases of the disease m an acute phase with fever 
and many liquid stools containing much blood, the patients presenting 
a picture of rapid progressive failure due to depletion and anemia We 
feel that the indication for surgical treatment in this group is definite 
Ihere is no longer any need for procrastination The treatment of 
choice IS probably to side-track the fecal stream at once b} ileostomy 
or colostomy, by the latter when the pathologic process is of the regional 
type 

Group 2 includes the chronic cases with advanced pathologic change 
and IS by far the laigest group Theie is usualh a history of failure 
to impro\e following medical therap} In these cases there is more 
time to deliberate The roentgenograms should be studied carefully as 
to the extent of the disease, because the treatment differs on the basis 
of these findings On the strength of the roentgenologic findings this 
group IS divided into tw'o subgroups Most of the cases ivill fall into 
subgroup A, and one is then obliged to offer the patient either ileostom) 
or the irrigation t3pe of theiapy The advantages and disadvantages 
of each have been discussed ^¥hIch procedure to recommend depends 
for the most part on the severity of the lesions and the type of person 
wuth wdiom one deals If the condition is far advanced and it is felt 
that a colectomy wull eventually be necessar)^, it may be better to advise 
ileostomy, which will serve as the first step tow^ard that procedure 
Appendicostomy oi cecostomy is the alternative, and the decision as to 
the wisest proceduie depends largely on the merits of the individual 
case We feel quite definitely in this clinic that the mortality figures 
can be lessened by doing more appendicostomies as a preliminary step 
to ileostomies 

A few^ cases m group 2 will fall into subgroup B The treatment 
of choice m these cases seems to be colostoiu} In all the cases of 
groups 1 and 2 the possibility of an ultimate colectomy should be kept 

m mind , 

Group 3 includes cases in which the disease is mild and m wincii 
a decision has to be made between medical and suigical treatment The 
irrigation type of therapy offers a convenient compromise for these 

patients 
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in the hteiature of the past few jears (fig 3) Knowing what we do 
about ileostomies, it would seem most unfortunate to subject a patient 
to an ileostomy when a colostomy would serve the purpose 

It appears, therefore, that theie are two mam indications for ileos- 
tomy The first is m the acute fulminating cases with progressive failuie 
in which it IS probably a life-saving measme The second is m the most 
severe chronic cases with advanced lesions involving the entire colon 

COLOSTOMY 

The purpose of colostoni) is the same as that of ileostom) — to 
divert the fecal stream and put the diseased colon at rest Colostomj , 
howevei, offers a condition much more compatible with a normal exis- 



Fig 3 — 4 , the colon in case 5 (E L), showing a rather marked degree of 
ulceratue colitis imohing the entire colon The patient had had an ileostomv 
opening two lears at the time this picture w-as taken 

B, the colon of J B , e\emplif> ing regional ulcerative colitis The disease 
is limited almost entirely to the transverse colon, and the other portions of the 
bowel are uniniohed 

tence There is no great nutritional pioblem A preoperative barium 
suljihate enema is necessarj^ to determine the extent of the disease 
The patient w'ho has some normal proximal colon through vhich to 
make a colostomy is indeed fortunate 

Prognosis concerning the results of either ileostomj or colostonn 
must alwajs be guarded A cure cannot be promised The disease per- 
sists and can be seen hi proctoscopic exammdtion There mat' be marked 
clinical improtement but the disease process is still there in a latent 
form and anj slight infection of the upper respiraton tract exposure 


DUPUYTREN’S CONTRACTURE 


HENRY W MEYERDING, MD 

ROCHESTER, MIW 

The Flench surgeon Dupu^tren in 1832 described a flexion defor- 
nlIt^ of the fingers caused by thickening and shortening of the palmar 
fascia The gradual onset of this deformity, with little oi no pain, is 
chai actcri/ed b)^ the foimation of a firm, fixed nodule in the palmar 
fascia at the linca mensalis, usually near the base of the ring finger 
In time the nodule involves the entire palmar fascia, including the 
attachments to the sides of the fingers, and contracture of the palm 
and fingers is produced (fig 1) The skin becomes involved early, it 
presents a dr\, ^\rlnklcd, hard and often calloused appearance and is 
adhei ent to the h} pcrtrophied fascia The subcutaneous fat is lost, but 
the tendons aie not involved The cordhke contracture of the palmar 
fascia IS brought into a tense position when an attempt is made to extend 
the finger or Bngers, and this is often mistaken for evidence of contrac- 
ture of the tendon The deformity is usually bilateral , commonly it 
begins m the right hand, and months or years later the left hand will 
become involved As the palm and fingers become more flexed, loss of 
power to open the hand causes disability , this increases with time until 
the patient is confronted with loss of function of the hands This is a 
calamity to a skilled workman and threatens his future earning capacity 
He therefore consults a ph3Sician for relief Fortunately, in most cases, 
modern aseptic surgical technic permits correction of the deformity 
caused by Dupujtren’s contracture and return of good function of the 
hand 

A disease that produces a disabilit) which affects the patient’s 
earning capacity may assume economic and medicolegal importance, and 
then the etiologic factors, such as trauma, infection and heredity, become 
important In this age of insurance, workmen’s compensation and 
employers’ liability^, patients are likely to ascribe their disability to 
in Ration resulting fiom then occupation, to a bruise, cut or infection 
As long as the disease is unilateral and there has been an unquestioned 
local injui}^ those concerned appear to associate the two as cause and 
effect but with the appearance of a similar lesion in the other hand the 
condition is not so leadily explained Focal infection and general dis- 

From the Section on Orthopedic Surgen, the Ma>o Clinic 

Read before the Section on Orthopedic Surgerj at the joint meeting of the 
American Medical Association and the Canadian Afedical Association, Allan ic 
City N J . June 12, 1935 
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for It IS fairly cleat— it is reserved foi those cases in which a satisfac- 
tory level of improvement has failed to be obtained after one of the 
less radical procedures It should not be resoited to until the patient 
has had at least a year’s trial of ileostomy oi colostomy Some clinics 
prefer to wait from two to three years Our experience has shown 
that very little improvement can be expected after the first yeai 

ILEOSIGMOIDOSTOMY 

This IS a method of treatment based on the pimciple of putting 
the diseased bowel at rest by shunting the fecal stream around it In 
principle it is sound, but it is seldom applicable foi the simple leason 
that the sigmoid colon is practically always involved in the disease 
There is, however, an occasional case of regional colitis in which the 
piocedure may be applied with benefit 

APPENDICOSTOMY OR CECOSTOMY WITH IRRIGATION THERAPY 

It IS With this type of therapy that this paper is most concerned 
What does it offer the patient with ulcerative colitis^ What are its 
contraindications^ We have found that the typical course following 
this type of therapy is one of immediate improvement which is usually 
too encouraging, since it does not accurately portrays the end-result 

The procedure is simple and can be done through a short muscle- 
splitting incision The appendix is freed and the meso-appendix ligated 
in the usual manner for appendectomy Amputation of the appendix 
IS then carried out, leaving a short stump (from 1 to 2 cm ) through 
which a small catheter is threaded into the cecal lumen We usually 
employ a no 12 or no 14 French catheter The stump is then inverted 
by means of a purse-string suture If the appendix is absent or exten- 
sively bound down by adhesions, the catheter is introduced directly 
into the cecum and held in place by'^ a purse-string suture The operation 
can be done quickly, and the patient suffers little general reaction After 
a few days irrigations are begun through the tube by the usual gravity 
method We formerly used a Itypertonic saline solution (from 1 25 
to 2 per cent) on the theory that the element of dehydration of the 
edematous bowel might be of benefit However, we found that about 
half the patients Avere unable to tolerate the hypertonic solution because 
of increased cramps and abdominal discomfort After going home most 
of them mil not bother to make up an accurate solution but will resort 
to plain nater with perhaps a teaspoonful of salt to the pint for irriga- 
tion purposes We ha\e not been able to find any relation between the 
tipe of irrigating fluid used and the result obtained 

After a period of about a year the improvement usually’^ stops If 
the patient continues to irrigate he is usuallv able to maintain this level 
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natuie of the contiactuic is not commonly recognized and that the 
benefits of modem aseptic surgeiy aie not generally appreciated In 
too many instances a suigeon is not consulted until extension of the 
contracture has iinolved sevcial fingers (fig 2) and the finger-tips are 
invaded with extensive involvement of the skin, peripheral nerves and 
blood vessels The conti acted and thickened fascia should be excised 
eaily to obtain the best icsults 

It IS generally conceded that the condition afflicts more males than 
females In m3' senes 241 patients, or 88 per cent, uere males, and 
32 01 12 pel cent, weie females The average age of these patients 
was 54 \cais, the 3'oungest patient w'as 17 and the oldest 80 years of 
age Of the 273 patients aftected with Dupuytien’s contracture, 175, or 
64 pei cent, had involvement of both hands, the right hand only ivas 



Fig 2 — Dupintren’s contracture of grade 3 


involved m 69 cases, 01 25 pei cent, the left hand only tvas involved in 29 
cases, or 11 per cent Thus, of the 98 patients wnth unilateral involve- 
ment, the right hand w'as aftected m 70 pei cent The duration of the 
involvement varied fiom seveial weeks to t\vent3'-five 3'eais 

Laboiers, including farmeis and mechanics, and others wdio work 
out of doors or tvhose hands are subjected to stiess numbered 123, or 
45 pel cent, and mental workeis and those whose hands are not sub- 
jected to stiess, ISO, or 55 pei cent The occupations of the 273 persons 
are given in table 2 Although the tj'pe of occupation given at the time 
of examination often indicated that the patient led a sedentary life, many 
bankers, school teacheis and physicians had been accustomed to doing 
the most strenuous kinds of labor earlier in life Of the 273 patients 
whose condition was diagnosed as Dupuj4iens contracture 84, or 31 
per cent were subjected to opeiation 
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gist cannot always answer We should prefer, therefore, to base our 
conclusions concerning progress on the clinical course and proctoscopic 
findings 

Most clinics in which ulcerative colitis is treated have no place in 
their program for the iingation type of treatment Howevei, we are 
convinced in this clinic that it has a place, and we feel that those clinics 
aie ignoiing a method of treatment which is of considerable help in 
selected cases We piefer to think of the irrigation type of therapy 
as a compiomise between straight medical management and ileostomy 
In this role it offers the patient with mild chronic colitis a chance of 
improvement to a level compatible with normal living In the moie 
seiere chronic colitis it offers both the surgeon and the patient an 
alternative to ileostomy Whether it should be considered when colos- 
tomy IS possible IS a moie debatable problem But when the procedure 
at stake is ileostomy with its obvious disadvantages, one is able to oftei 
the patient an alternative with some merit We feel that appendicostomy 
01 cecostomy may yield the patient with model ately severe chronic colitis 
an improvement fully as striking as that seen aftei ileostoni} , and with 
much less iisk The patient must not expect a cme, and he must be 
prepared to accept the tube as a peiinanent handicap Eveiy few 
months the tube must be changed He must also be willing to face 
the possibility that more radical surgical intervention may eventually 
be necessary or advisable Lastly, i\e have found that appendicostomy 
01 cecostomy is of value as the first step toward a more radical surgical 
proceduie, such as colectomy The opeiation enables the patient to 
improve and become a better surgical risk for the subsequent ileostomy 
01 colostomy 

On the other hand, we have learned certain rather definite contia- 
indications to this form of therapy It is contraindicated when the 
disease is in an acute phase with many stools containing much blood 
and with high feier Irrigations then may provoke further bleeding 
and onl}' stir up the piocess Another factor worthy of consideration 
IS the intelligence of the patient and his ability to cooperate The suc- 
cess of the treatment depends m such large part on the cooperation of 
tlie patient in carrying out the irrigations that the method is definitely 
conti aindicated in ceitain cases on this ground alone 

PROGRAM OF TREATMENT 

In the light of our present knowledge, and using the foregoing line 
of reasoning, we have attempted in this clinic to formulate a more 
definite piogram for the treatment of ulcerative colitis In the first 
place It seems useful to ha^e some method of classification of cases 
which m Itself will point the wa> toward more intelligent treatment 
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operated on at the clinic The patients were questioned legarding the 
relationship of injury to each hand, with the following results A posi- 
tive history of injuiy was obtained concerning 35 hands and a historj 
of infection concerning 5 hands, the histones were uncertain concerning 
16 hands, and there was no histoi 3 ’^ of injury conceining 81 hands Thus 
there was a positive histoiy of trauma to 25 per cent of these 137 hands 
and a historj' of infection of 3 6 per cent 

In reviewing the complaints made at the time of examination I found 
that 45 pel cent of the patients gave histones of deformity, contracture 
01 aching, and some said that at times there was a pi ickling sensation 
in the palm of the hand fheie was a history of deformity and pain 
m the hands oi feet m 125 cases, or 46 per cent of the total of 273 
cases . of gastro-intestmal symptoms m 38, or 14 per cent, and of rheu- 
matism m 22, or S pei cent There were neuiologic factois nr 18, or 
6 per cent, gemto-urmai} srmptoms m 12, or 4 per cent, backache in 
10 or 3 pel cent , malignant disease in 6, or 2 per cent , cardiac sjmptoins 
in 6 or 2 per cent, headache in 6 or 2 per cent, syphilis in 6, or 2 per 
cent , hernia in 4, or 1 per cent flat feet in 3, or 1 per cent , disease of 
the skin in 2, or 1 per cent, goiter nr 1, or 0 3 pei cent, diabetes in 1 
oi 0 3 per cent, and pulmonair symptoms in 1, or 0 3 per cent In 12 
cases 01 4 per cent, in which there was no history relative to the hands 
the contracture was discoreied in the couise of routine physical exami- 
nation 

The variety of complaints and the findings at the time of examination 
did irot seem to place any one condition oi disease as having established 
a relationship of sufficient importance to be considered outstanding, in 
ni) opinion The etiology, to which leference vas made earhei m this 
paper, is still obscure Authois hare reported Dupuytren’s contracture 
in association rvith arterioscleiosis, multiple sclerosis and syringomyelia 
but I believe that such association is meiely coincidental The dependa- 
bility of the theory that the condition is neurologic also remains unde- 
termined Repeated injuries to the ulnar nerve and local injuiies in 
the region of the eighth cerrical and first thoracic veitebrae, rvith possible 
irritation of the sympathetic ganglions, trophoneui otic manifestations 
have been considered When one reriervs the records of the patients 
It is difficult to be satisfied rvith the theoiies I believe that the hereditarj 
factor IS of some importance, as I have already stated, and that the 
history, if carefully taken, will bring this out 

In discussing the degree of deformity, the following system may be 
utilized (table 4) 0 indicates that theie is no deformity other than 

unnatural thickening of the palmar fascia and rvrinkhng of the skin 
and that there is no contracture of a finger , 1 indicates, in addition to the 
preceding conditions, definite contracture of one fingei, but not more 
than 60 degiees of flexion in any one joint (tlie hand can grasp but 
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SUMMARY AND CONCLUSIONS 

A senes of thirty-five cases of chronic ulceratne colitis has been 
surieyed to evaluate, if possible, the relative merits of the various 
operative procedures used 

At this clinic we have found appendicostomy and cecostomy with 
subsequent irrigation of the diseased bowel a useful procedure in selected 
cases The benefits to be expected from this proceduie have been 
discussed on the basis of a series of eighteen cases in which this treat- 
ment was applied 

A few general conclusions have also been expiessed concerning the 
moie radical types of surgical mteivention 

This study has emphasized again the limitations of all forms of 
suigical treatment and the apparent futility of expecting cures fiom 
any procedure less than colectomy 

We feel quite definitely that any blanket foim of therapy, i e , one 
operative proceduie used on all types of patients as the5' come, cannot 
give the best results By carefull}' analyzing each case, by using certain 
procedures only in selected cases and by remembering certain limitations 
of each type of operation the present lesults can be improved to an 
appreciable degree 

A simple classification of cases has been suggested which m itself 
points the way toward more intelligent treatment 

This outline of treatment represents only a transient opinion rather 
than a permanent policy There is no ideal method of treatment, and 
one IS usually faced with the problem of choosing the least vicious of 
seveial evils As experience inci eases new proceduies may be developed 
which will make the present day methods seem entirely unsuitable On 
the other hand, there may be new developments in the field of internal 
medicine which will thiust all foiins of surgical treatment into obscurit}’’ 
At the present time, however, surgery has something definite to ofifer 
these patients, and the problem involves the choosing fiom a number 
of piocedures at ones disposal the one most suited to each case 
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and ticatment postponed Unfoitunately, tins often leads to extensive 
contiactuie and a pooi prognosis, in spite of expert surgical treatment 
Some patients came to the clinic following operations performed else- 
uheie, the lesiilts of winch had not satisfied them Thus, I had the 
oppoitunitj to examine postopeiatively 33 patients who had’ been oper- 
ated on elscwheic Six of these patients, oi 18 per cent, seemed to me 
to have seemed satisfactory lesiilts In 22 of the 33 cases excision had 
been pcrfoimed, with good results in 5, oi 23 per cent, m 2 cases 
tenotoni} had been perfoimed, with failure m both instances, fasciotomy 
had been perfoimed in 2 cases, with success m 1 and failuie in 1, and 
111 / cases amputation had been performed In reviewing the records 
of these patients with postoperative Dupnytren’s contracture it is obvious 
that lack of coopeiation on the patients’ pait plaved an important lole 
in the failuie of the attempt to coirect the deformity 

Subcutaneous fasciotomr mar relieve the contiacture m some of the 
lessei dcgiees of deformit), so long as gieat caie is exercised not to 
mjuie blood vessels, nerves and tendons How'^ever, treatment of Dupuy- 
tren’s contiactuie is most successful wdien the contracted palmai fascia 
IS lemored and pioper postoperative measuies are applied In order 
to accomplish this it is necessaiy to make an incision wdiich wnll permit 
thorough cxposuie of the involved fascia The longitudinal incision 
ovei the fouith metacaipal bone has been used most commonly in the 
past, but because of the difficulties of exposuie and the tendency to 
irritation fiom lepeated movement this method has been sui^erseded by 
incisions made along the fifth metacaipal bone and transveiselj along 
the linea mensalis (a Z-shaped incision, fig Z A) Because the linea 
meiisalis is formed as the lesult of flexion of the little, iing and middle 
fingeis and because the palmai fascia ffig 2>B) dnndes just distal to it 
and forms bands wdiich pass to the fingers, incision at this point affords 
excellent exposuie Fuitheimore, the majoiity ot contiactures form in 
this area, at the base of the iing fingei , and unless the fingeis are imohed 
by extension of the contractuie it is seldom necessaiy to make a second 
incision m the palm An anteroiateial incision is used in dissecting out 
the fascia of the fingers (fig 4A) Foi some of the extensive lesions 
It IS obvious that the skin must be sacrificed, because it is densely adheient 
to the hj'peiti opined fascia, in such instances the contracted skin and 
fascia aie excised, and a skin giaft of full thickness is applied to cover 
the defect For manj'^ j'^ears I har’^e used the cuft of the sphyginoinanoin- 
etei to obtain a bloodless field, leleasmg it occasionally to peimit cir- 
culation and to facilitate isolation, and tying oft of the small bleeding 
points ivith extia-fine catgut It is highly important that the wound 
be dry and that the clots be removed befoie the wound is closed Strong 
antiseptic substances should not be placed in the wound, and if any 
solution is used I prefer isotonic solution of sodium chloride Great 
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ease, such as arthritis, may also be mentioned by the patient, or a family 
history may be volunteered This histoiy m every case should be 
carefully investigated as m some instances focal infection, trauma to 
the palm caused by repeated deep pressure and hereditary influences 
seem to be of importance 

The present study of material encountered at the Mayo Clinic is 
concerned with 448 hands of 273 patients afflicted with Dupuytren’s 



Fig 1 — Dupuytren’s contracture in both hands, of grade 1 in the left hand 
and of grade 2 ni the right 


Table 1 — Fmgeis Involved m 448 Hands of 27? Patients 




Bilateral Involvement 


Unilateral 


Left Hand 

Fingers* 

In\ o]\ement 

Right Hand 

4 

25 

35 

34 

4 and 5 

40 

75 

S3 

3, 4 and 'i 


22 

12 

3 and 4 

3 

6 

4 

O 

12 

IS 

21 



2 

6 

1 2 3 4 and 3 

3 


11 

Foot and hand 

0 

i 

4 

lotal 

05 

175 

175 


") fiBBers 1 thumb, 2 mde\ finger 3, middle finger i ring finger 


contiactuic (table 1) Maiii of the patients were greatl}!^ concerned 
oici the inipending disabiht)% which threatened their livelihood, some 
had iccentd advice that the tendons were involved and that surgical 
measures n ere of little or no value and might result m complete loss of 
lunction of the hands Other patients came because of illnesses 
appaicnth not associated mth the contracture and nere resigned to the 
dcforiiiitx as a part of senile change or as an incurable condition Aly 
cxiicnencc w ith these patients would make it apparent that the pathologic 
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care must be taken m handling- the tissues, and fine hemostats and forceps, 
letiactois with Ijlunt edges and moist sponges aie preferable 

I usually expose the narrow upper end of the palmar fascia, isolate 
It with small, blunt-pointed dissecting scissois, pass a heinostat under 
it and, aftei clamping it firml}', divide it with a knife (fig 4B) The 
fascia can then be raised by genti} pulling the foiceps away from the 
palm, and with a fine knife or scissois the fasciculi can he divided as they 



, 1 Thp dissection is continued distally until 

the fingers separate „,e fingers, great 

the contracted fascia is removed (fig ) vessels from the 

care must be taken m separating the nerves and blood ^esse s 

fibrous mass in which thev he resultant 

fibious mass and excise It, he may find latei ‘ P j ss,|„lity 

anesthesia and impaired circulation I have mentioned P 
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Foci of infection, which might be consideied as possible etiologic 
factois, weie noted in 141 cases, in the remaining 132 a definite focus 
was not noted oi examination for discor ery of one was not carried out 
The tonsils and teeth were the most common sites of infection , 107 of 
the 141 patients, or 75 per cent, had infection of one or the other of 
those structures or of both Of the 141 patients, 48, or 34 per cent, 
had dental infection alone , 18, or 12 per cent, tonsillar infection alone, 
and 41 or 29 pei cent, both tonsillar and dental infection , foci of infec- 
tion in other paits of the body, often associated with tonsillar or dental 
infection, made up the lemaming 25 per cent The incidence of known 


Tablf 2—Occuf’al'on of 273 Patients Who Had Duhnvticn’s Conti acfme 


LnborcTs e^rp(!ntc^'^, butcher's, lumbermen and others \\ho‘'e hands are subjected 


to stress 6' 

Tarmers 50 

Merchants, bankers, managers 10 

Clerks bartenders barbers telegraphers bookl cepers 31 

Housenives 2C 

Phjsicians and dentists 10 

llinistera 11 

Ueaehers and student® 10 

Lanjers 7 

Total 273 


Table 3 — Foci of Infection Noted in 141 Cases of Dnfniyii en’s Conti acha c 


'iceth 

onlj 

4S 

Tonsils onlj 

ts 

Tooth 

and tonsils 

41 

Tonsils and prostate gland 

7 

Teeth 

and m«nl sinuses 

2 

Tonsils and nasal sinuses 

2 

Teeth 

and prostate gland 

2 

Prostate gland onlj 

10 

T oeth 

prostate gland ind tonsils 

2 

Xasal sinuses onlj" 

4 

T oeth 

and urethra 

1 


Tooth 

tonsils and nasal sinuses 

1 



Tcoth and uterine cerM\ 

1 



Teeth 

and gallbladder 

1 



Tcoth 

and si in (tunincle) 

1 




focal infection was appaiently high enough to be of some significance 
(table 3) Because man} of these patients weie examined in the years 
befoie attention was dnected to focal infection the actual incidence of 
such infection mat hate lieen even highei than the figures given would 
indicate 

1 lauma mat be consideied an etiologic factor, especially by those who 
possibh could benefit fioin workmen’s compensation or insurance Too 
mticli stiess is often laid on some alleged oi sustained injury to a hand 
uhich gnes eiidence of beginning contractuie whereas inspection or 
an intcnal of time Mould bung out a bilateial lesion I ha^e rekiewed 
1 1 C histoiics to find if possible whether trauma was a causative factor 
b f the M patients on whom operation was performed 53 had bilateral 
imohcmcnt (20 of whom had onlv 1 hand operated on), and 31 uni- 
hteial iinohement or of a total of 137 hands invoked, 117 ’were 
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obUmed b 3 . mo,c conseiv..tne methods, b„t, of course, ,t has a Im.ted 
lielcl (ng 6) 

I have opeiatcd on 117 hands of 84 patients, 13 of these hands had 
been opeiated on previously Excision of the palmar fascia was per- 
formed on 97 hands, with excellent results in 55 cases, fair results m 11 
and pool results in S , the possessors of 23 of these hands have died or 
I have lost track of them Six amputations were performed Subcuta- 



Ftg 6 — condition of the hands when the patient presented himseb for treat- 
ment The left hand had not been operated on, Dupujtren s contracture of grade 3 
IS evident The right band had been operated on, but Dupu>tren’s contracture of 
grade 3 is still evident, and ankjdosis of the little finger is present B, the same 
hands after primary operation on the left hand and secondary operation on the 
right Skin and fascia were removed from the left hand, and the defect was filled 
in by a massive skin graft The little finger of the right hand was disarticulated, 
and the skin of the finger was used as a pedicle graft 

neous fasciotomy was pet formed on 13 hands, with good results m 5 
cases, fair results m 2 and failure in 2 , 1 have lost track of the possessors 
of 4 of these 13 hands One tenotom}'- is recorded as resulting in failure 
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there is not full extension of one finger) , 2 indicates involvement of 
more than one finger, with definite contiacture and inability to extend 
more than 60 degiees, 3 indicates contracture of two or more fingers 
and contracture of 90 degrees or inoie of one (the thumb and index 
fingei may be opened and still be useful, although the hand as a whole 
cannot be opened for giasping), 4 indicates more or less contiacture 
of all the digits, and the hand cannot be opened or the thumb fully ^ 
extended (some of the articulations may be in acute flexion and anky- 
losed and a finger-tip may remain in contact with the palm) 

In the piesence of manual defoimity, skilled woikers, musicians, 
surgeons and otheis whose hands aie subjected to stress have a highei 


Table 4 — Dcfot miiv Noted in 2^9 Hands 

Grade 

Kight Hand 

Lett Hand 

0 

14 

10 

1 

20 

11 

o 

53 

49 

3 

4<1 

SO 

4 

12 

11 

Total 

14h 

111 


Tablf 5 — Estimate of Occupational Disabihtv Noted 

w a Sftidv of 1S3 Hands 

Grade 

Right Hand 

Lett Hand 

0 

22 

27 

] 

21 

10 


SS 

32 

3 

20 

11 

4 

1 

1 

Total 

m 

81 


grade of occupational disability than have mei chants, bankers, clergimien 
and others whose hands are not subjected to stress The giade of 
occupational disability, theiefore, may have little i elation to the grade 
of deformity The degree of occupational disability was not noted m 
the cases that form the basis of this report, but m reviewing the lecords 
I hare attempted to estimate it and to giade it 0, 1, 2, 3 and 4 Thus, 
0 would indicate practically no disabiht) , or disability of from 0 to 10 
per cent, 1 would indicate disability of from 10 to 20 per cent, 2 uould 
mdicate disability of from 20 to 40 per cent m a hand with invohement 
of one fingei . 3 would indicate disabilitj of from 40 to 60 per cent in 
a hand with imohenient of two or more fingers, and 4 would mdicate 
iia iilitv of fiom 60 to 100 per cent m a hand wntli contracture of all 
the digits and the palm (table 5) 

It was often noted that although definite deformit} was present the 
legrcc 0 ! disabihti and discomfoit was minimized b\ elderh patients 
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riie type of incision tliat Dr Mcscrcling mentioned, which extends a!ong the 
distal flexion crease and proximad along the ulnar side of the hand and which 
can be supplemented b\ an anterolateral incision in the finger, is a very useful 
one, but other incisions are also of value, for instance one along the vertical 
crease of the palm in cases in which the contracture involves the central portion 
of the palm In our work we have tried to adapt the incision to the individual 
case and at the same tune to keep in mind the important principle that incisions 
should be made along flexion creases and not across them 

Finallv, I should like to emphasize the last points that Dr Mejerding stressed 
asepsis, c ireful preparation of the patient before operation, the use of a bloodless 
field, accurate hemostasis and, above all, atraumatism — handling the tissues with 
gentleness, not pinching them with forceps, and retracting them carefully, so 
sceiiring for the patient the best possible result 

Dn Joiix STAirt D.wis, Baltimore (presented bj Dr G O Eaton) If my 
memorv is correct, Dr Afejerding’s series of cases is the largest jet reported 
from anj single clinic 

This disease of the palmar fascia is apparentlv a focal hvpertrophj of the con- 
nective tissue originating m the walls of the smallest v’essels and ending in con- 
traction The etiolog^v is obscure, but I believe that one is justified m concluding 
that the fascial involvement is of idiopathic origin and is most apt to occur during 
middle age or m the senile period So far as is known, there is no single con 
stitutional or local disease with which Dupuvtren’s contraction is exclusivelj asso- 
ciated or of which it is a manifestation In the majority of cases the condition 
does not appear to be specificallv caused bj trauma or local irritation, though these 
factors, as well as local or constitutional pathologic conditions, seem at times to 
hav'c some exciting or contributing influence There is no question, however, but 
that hercditarv influence is shown in iiunierous instances A comparison of some 
of the statistical tables given in Dr Meverding’s paper with those in a senes of 
40 cases reported sev^eral jears ago bv Dr FmesiKer and mvself shows them to 
be much the same 

Manj methods of treatment have been adv'ocated, but most of them are with- 
out merit I have seen judiciously applied roentgen treatment apparentlv prevent 
the extension of the process and cause some softening in a few cases m which 
operative treatment was impracticable I am convinced that the onlj method of 
treatment at one's disposal at present which can be depended on to cure the con- 
dition is excision of the palmar fascia, closure of the wound bj sutures, the implan- 
tation of a whole thickness skin graft or a pedunculated flap, as indicated m 
the individual case, and long continued postoperative fixation 


Dr a Bruce Gill, Philadelphia I am convinced that m many cases Dupuj- 
tren’s contracture is due to focal infection Chrome fascitis resembles chrome 
mvositis and chronic arthritis I have observed cases of the acute t>pe of 
Dupuytren’s contracture m which there were redness, swelling, tenderness and 
local elevation of temperature And I have seen these signs disappear on remova 
of focal infections In other cases, which were without these acute mani- 
festations but wdiich were characterized by a steadv, if slow, increase of fie 
contracture, the condition became stationary after the same remedial measures 
A dentist consulted me about eight years ago because of a steadilj >"«-easmg 
contracture I found that he had some badiv infected teeth He had f 
removed The contracture ceased to progress, and he has never required 

I operated on a woman twelve jears ago and removed the palmar fascia c 
pletely by the method which I reported in the Aiiiiafs of Siirgcn ’ m ^ 

Shortly after the operation all the joints of her fingers and hand became 
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louiniqiictb liaAC long Ijeen used for the te^lpoIar^ control of 
bleeding fioni traumatic Mounds of tlie e\trenuties, and chiefly since 
the time of \on Esmaich,^ to render an evtremit}^ lelatnel} bloodless 
dining surgical opeiations on it In both instances it is of importance 
to Knou hoM long the constiictoi may he left in place nith safetj^ to 
the patient A aiious limits ha\e been placed on this period of safety, 
commonly it is from to ZYj hours - although theie are isolated 
examples of longer constrictions unthout injury - 

The most ob\ lous danger of prolonged constriction is that of 
mteiference with the nutiition of the part sufficient to cause subsequent 
gangrene Paralysis of the extremity and ^'olkmann's ischemic con- 
tiactuic are occasionally desciibed ‘ as a result of constiiction. although 
Biooks was unable to produce expeiimental contiactuies by long 
periods of ligation Since the paialjses may occui after relatnely shoit 
periods of constiiction, several authois believe that diiect pressure on 
the nene tiunks is the cause and adiocate the use of the pneumatic 
tourniquet as a safeguaid ® 


From tlie Department of Surgen of the Uimersiti of Chicago 

The stidv was aided hi a grant from the Douglas Smith Foundation for 
Medical Research of the UunersiU of Chicago 
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of the use of subcutaneous operations if the ui\ olvement is slight How- 
e\er, it is difficult for me to undei stand how the coiitractured fascia, 
whei extensivel) invohed, can be safel> and satisfactorily sectioned sub- 
cutaneously, in view ot the fact that even with good hemostasis and 
exposure the operation is obviousl} so difficult 

The strictest aseptic technic must be employed as infection in an 
extensive wound of the palm would be disastrous Pielimniary prepara- 
tion by washing the hand thoroughl) with soap and water and applying 
an alcohol dressing the night before opeiation is excellent, but it has 
not ah\a3's been carried out unless the appeal ance of the extremity has 
indicated the necessitj of it As a rule I scrub the hand with benzine 
to remove the oil from the skin follow this with ether to dn the skin 
and then apply a coat of tincture of merthiolate oi tincture of iodine 
diluted half with alcohol Use of this method has been attended with 
marked success and patients wdio have undergone this preparation have 
not had infections 

The w'ound is closed snugly and without drainage A posterioi splint 
of aluminum is applied to hold the iniobed fingers in extension The 
splint should be well padded wuth gauze to protect the skin oiei the 
aiticulations fiom excessne piessure If there is difficulty in obtaining 
full extension of the fingeis, it is best to allow them to be slightly flexed 
and giadually to force them straight This is accomplished by placing 
an adhesne band about the tip of the finger and pulling it against the 
end of the splint The splint extends upward to about the middle of 
the forearm and is molded to fit the contour of the aim Dressings 
aic not changed foi a week When they are changed the gauze, if dry 
and adlieient, is allow'ed to remain in position, the fingers aie inspected 
foi signs of piessure, and the splint is reapplied The length of time 
of fixation varies with the extent of the deformiti , I piefer to ha^e the 
incision healed and then begin motion, reappl)ing the splint for the night 
until free motion is obtained When recuiience appears, it usually takes 
place in those cases in which operation has been performed with apparent 
success but fixation has either not been applied or has been continued 
foi an insufficient tune 

In dealing with some extensne lesions, especially if operations had 
been perfoimed pre\ionsh and ankrlosis had followed, I hare excised 
the fascia that had nndeigone contracture and the inrohed skin and 
hare used the skin from a disarticulated finger as a pedicle graft to cover 
the denuded jxibn, the results liare been excellent Cases in which this 
melliod has been used usualh hare been those in rrliich it has iieen nec- 
cssai) to reiiicdr a poor result of a former operation the finger lias been 
flitch flexed and prognosis for function of the finger has been poor 
peration gires a more speedr and satisfactorr result than could be 
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loss of fluid which was demonstrated m traumatic shock by Blalock, “ 
Parsons and Phemister,^- Roome, Keith and Phemister^® and others 
Few experimental studies have been made on the effects of tourni- 
quets Paolucci ■" and Fogliani found that the release of constrictors 
applied to one oi both thighs of experimental animals for periods in 
excess of 3 hoiiis frequenti) lesulted in a profound fall of blood pres- 
suic and death, these authors considered the absorption of toxic sub- 
stances the probable cause of death Fogliani noted SAvelling of the 
limb during constrietion in some experiments, wdnch \vas presumably 
due to collateial circulation through the femur Churchill ‘‘= obsened 
depressions of blood pressure m cats following the release of tourni- 
quets applied foi shorter periods but drew no definite conclusions as to 
then causation The experiments to be described w'ere earned out in 



Fig 2 — The blood pressure and urinary output of an anesthetized dog Note 
that while the blood pressure remains above 100 mm of mercury until shortlj 
before death the urinar} output (in cubic centimeters per hour) is markedl^ 
diminished after the seventeenth hour 


an effort to evaluate the importance of the various factors m the lowering 
of the blood pressure and in the causation of death 


EXPERIMENTS 

A Conliol Scncs—Si\ dugs were merely anesthetized wnth sodium barbital 
given intravenouslv m doses averaging 276 4 mg per kilogram of bodj weigi, 

11 Blalock, A Experimental Shock The Cause of the Low Blood Pressure 
Produced by Muscle Injur 3 , Arch Surg 20 959 (June) 1930 

12 Parsons, E , and Phemister, D B Haemorrhage and Shock in Traun 

tized Limbs, Surg , Gynec & Obst 51 196, 1930 t-o- * r nieed- 

13 Roome, N W , Keith, W S , and Phemister D B / f *1^ ° nec 
mg After the Reduction of the Blood Pressure by Various kfethods, Surg, ) 

5. Obst 56 161, 1933 
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The cases on which this paper is based were encountered over a 
period of approximately twenty yeais, and it is not unlikely that results 
will continue to impi ove with improvement in technic and in knowledge 
of the condition In estimating the results obtained I have considered 
that amputation gave a satisfactory result The results on the 27 hands 
of the patients who have died or of whom I have lost track can be classi- 
fied with either the satisfactory or the unsatisfactor> results Thus, 
if the results secured on these 27 hands aie classed with the satisfactoiy 
results, the percentage of satisfactory results, in terms of the number 
of hands operated on, is 91 , if results on these 27 hands 

are classed with the unsatisfactory' results, this percentage becomes 67 5 
('yu?) Oil 97 of the 117 hands the preferable operation, excision of 
palmar fascia, was performed, and the possessors of 23 of these 97 
hands have died or I have lost track of them If the results on these 
23 hands are classed with the satisfactory results, the percentage of 
satisfactory results, m terms of the numbei of hands operated on, is 
92 (®% 7 ) , if the results on these 23 hands are classed with the unsatis- 
factoiy results, this percentage becomes 68 (‘'% 7 ) If the hands of the 
patients who have died or of w'hoin I have lost track are omitted from 
the calculations, the percentage of satisfactory results from all the opera- 
tions IS 88 (~%o)i and the percentage of satisfactory results from 
excision of the palmar fascia is 89 

ABSTRA^CT OF DISCUSSION 

Dp Sumnfr L Koch, Chicago From the time of Platter, of Sir Astlei 
Cooper and of Dupintren himself Dupurtren’s contraction has attracted attention 
Katnrel screrai \ears ago emphasized the fact that as the contraction mrohes the 
finger it also inrolves the digital nerves and blood -vessels 'Vs the contracting 
cord deriates toward one side or the other it can actuallj displace the blood t'essels 
and nerves tlie width of a finger and this makes it easy, as one follow's the fascial 
cord or band into the finger to excise displaced digital blood -vessels and nerves 
before one realizes what has happened Michael Mason, of Chicago, showed that 
the digital nerves and blood vessels in the finger he between tw'o fascnl lavers 
Both irc involved in the contracting process As the fascia thickens and as it 
draws the finger into a flexed position the digital nerve and blood vessels he at 
the verv center of tlie contracting cord Even if the cord lies parallel with the 
ong axis of a finger if one begins the dissection m the palm follows the thickened 
ascii distad and removes it cii innjte, one will remove the nerve and blood vessels 
will It lo avoid such an accident it is necessarv to isolate the blood vessels 
am nerves ni the palm and bv careful dissection follow them distad to the point 
where thev he free in normal tissue 

Not oiiK IS the superficial jalmar fascia involved in Dupuvtrens contraction 
nit Its extensions dorsad and its connections with the deep fascia of the palm also 
lecoine t ne ciied and fibrosed It has been the experience of mv associates and mv 
own experience that unless the longitudinal septums which pass dorsad from the 

leep sur aee ot the palmar aponeurosis are removed the result will not be as 
sitisnvtorv IS one might wish 
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of the limb durmg the period of constriction, tlie findings thus differing from 
those of Foghani,"!' who presiiniahh constricted at a level permitting collateral 
circulation In all cases a marked swelling of the limb graduallj developed during 
the hours following the release of the constrictor Of the 6 animals surviving 
periods of constriction of from 2 to 6 ]^ hours, none presented gangrene of any 
Iiortion of the ligated e\trcmitv, although there was a paral)sis of varving dura- 
tion 111 all In the animals dvmg as a result of the procedure, the hind quarters 
were removed after the method of Blalock’* as follows A transverse cut was 
unde through the lower part of the abdomen just above the iliac crests and con- 
tinued through the lower lumh ir vertebrae, the hind quarters were then separated 
through the imdlinc and the unpaired structures discarded The sjmmetrical quar- 
ters thus obtained were weighed, and the difference in weight was calculated as a 
Iiereeiitage of the bodv weight In 11 c\perinients cultures were made just after 



Fig 3 — The loss of weight of anesthetized dogs as a function of the elapsed 
time 

death from small pieces of muscle and areolar tissue from both thighs by grind 
mg with sand and inoculating aerobic and anaerobic mediums 

■\t necropsv the ligated legs were grosslv swollen, boggy and discolored On 
incising the skin a fluid escaped, m some cases clear and straw-colored, in others 
blood-tinged This fluid was analvzed in 2 cases of this series and in 1 case of 
series D, with the following results In that from dog 868, the leg of which was 
constricted 5K hours, the nonprotem nitrogen was 46 9 mg per hundred cubic 
centimeters , proteins, 2 6 Gm , and chlorides, as sodium chloride, 603 mg 
In that from dog 273, the leg of which was constricted hours, the proteins 
totaled 5 42 Gm per hundred cubic centimeters and chlorides, as sodium 
chloride, 566 mg In that from dog 583, the leg of which was constricted 7 hours, 
the proteins totaled 5 3 mg per hundred cubic centimeters and chlorides, as 
sodium chloride, 689 mg In 3 cases gas bubbles were observed in the tissues ana 
crepitation was felt 
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with acute arthritis The muscle tendon of the palmaris longus abo\e the urist 
became thickened The patient has ne\er completel} recovered the use of this 
hand 

Another patient had suffered a compound fracture of the jaw Chronic osteo- 
miehtis followed Pus discharged from the jaw' for more than a \ear During 
this period Dupuitren’s contracture developed in both hands 

Therefore, it is eiident that Dupu\tren’s contracture should not invariabh be 
treated b\ an immediate operation In all cases, wuth slowlj or rapidlv progressive 
course, the etiologic factors should be studied and eliminated, if possible Opera- 
tion maj be performed later, if necessary 

The operation that I described in 1919 consisted in the complete excision of 
the palmar fascia through the distal palmar transverse crease If the fascia of 
the fingers is iniolved, it is to be excised through a transverse incision along ihe 
crease at the base of the finger I object to incisions in the hand which extend 
counter to the natural creases 

By this method of operation I have never failed to secure a complete and 
permanent cure except iii the case in which active arthritis of the hand developed 
I agree with Dr Meierding that the skin of the palm should neier be sacrificed 
I have neier found it necessan to transplant skin to the hand 
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of the two legb (fig 4), pro\ing the absence of arterial thrombosis No \enous 
thrombosis was found in am case on dissection 

C PIcihvsmogi a[<hic Studies — Three animals (457, 458, 459) anesthetized with 
sodium am\tal or sodium barbital intrarenousli w'ere studied to determine the 



effect of release of the obstn.eted blood supply to a tab on 
tone In each dog one h.ndleg was prepared by severance 


the general vasomolo*” 
of all tissues, high m 
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Another danger is the circulator)^ depression which has been 
observed ‘ to follow the release of a constrictor There are usually a 
sharp primary fall in blood pressure with rapid recovery to nearly the 
previous level and a more gradual secondary fall over a period of 
hours Examples of this characteristic curve of the blood pressure 
are given in figure 1 The explanation of the depression of the blood 
pressure and of its characteristics seems to depend on one or more of the 
following factors, viz (1) the letiirn of the normal volume of blood 
to the limb, if the blood was expressed during the application of the 
tourniquet , (2) reactive hyperemia of the limb, as described by Bayliss , ® 
(3) the absorption of toxic metabolites into the general circulation m a 
manner similai to that of the absorption of toxic materials from trau- 
matized tissues as is thought to occur by Cannon,’’ Moon and Kennedy 
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1 clnractenstic effects on the blood pressure of the release of a 

tourniquet in an experimental animal (at left) and in a patient (at right) Note 
the sharp depression on release with rapid recoiery, and the more gradual 
stcoiKhrs fall 


and otlieis, and (4) sw'elliiig of the limb, after restoiation of the 
circnhtion, In tiansiidation of a plasma-hke fluid, similar to the local 

/ (n) Psolucci, R renomeni di shock da prolongata costnzione di laccio 
emosntico, \rch ital di dnr 21 329. 1928 (b) Fogliani, U Sulla pathenogesi 

‘ ‘^ptnrneimle da laccio emostatico, Ru di pat sper 9 257, 1932 

(r) Churchdl, E D Communication to the Socieh for Clinical Surger^ 
I’.oston Meeting, No\ 1-1, 1931 ’ 

S Ravhss William Principles of General PInsiologr, ed 4, London, Lon-- 
nniis Green ek Co 1924, p 703 ' < > 

10 ) 3 ^ I’* Traunntic Shock Xcn York D Appleton 5. Compain, 
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time the leg was markecllv swollen in each case The amputation followed 

by tne administration of large amounts of whole blood at intervals These animaic 
survived, being killed at 5 and 7 da>s ese animals 

Two other animals (11 and 12) were treated by amputation of the ligated leg 
at the level of constriction 3>/ and 3)^ hours after release, without administration 
of blood or other fluids 7 best died at 8 and 32 hours after release, respectnefj 


tOAtMI NT 

111 set Its B of tlic e\pennicnls tlescnljecl it was observed that 69 
])ei cent of the do^s died aftet the release of a constiictor applied to one 
iiindliinb foi jienods of fiom 2 to 20 Iioins, while only 17 per cent 
of cl contiol senes (series A) died fioin the piolonged anesthesia and 
fast of a siniilaj period of obseivation Wlien the constrictor is leleased 
(fig 1) there is a very transient fall of the blood pressure, rvith 
lecovei}', follotted b}' a moic giadual and more pronounced fall which 
continues in the expeiimenlal animal until death occurs The primary 
fall IS piobabl}' due to reactive hyperemia and to the absoiptioii of 
metabolites into the general cnculation, since m series C a fleeting 
minor vasodilatation rvas demonstrated in the opposite limb 

But It IS the secondary' giadual depiession of the blood pressiiie 
with which we ate piincipally' concerned, since it is sustained and seems 
to be 1 elated to the cause of death from constiictor lelease The chief 
causes to be considered in explanation of this secondary fall and of 
the inoitahty' from the release of a tourniquet are as follows (1) the 
foiination of toxic tissue metabolites or of the pioducts of anaeiobic 
bactei lolysis in the ligated hmb and their absoiption on lelease, (2) 
the withdracval of fluid fiom the cnculation to be poiiied out into the 
limb as a tiansudate m sufficient quantities to embariass the geneial 
circulation It was shown by' dissection and by’ roentgenographic studies 
that the vessels of the ligated hmb remain patent so that either of the 
factois mentioned might be affective 

In legal d to the question of the absoiption of toxic metabolites 
fiom the damaged limb, it seems that then concentiation w'ould be 
gieatest immediately' on release of the constiictoi and w'ould then 
diminish lapidly as circulation continued through the hmb Death from 
this cause would therefore be expected to occur soon aftei the reestablish- 
ment of the cnculation through the hmb, but such is not the case, 
since the animals died on the average 25% hours after release « 
the other hand, this interval of time is compatible with the depletion 
of the blood volume by the slorv process of transudation either genera ^ 
or locally into the hmb It rvas shown in the expeiiments that a large 
loss of fluid occuis locally, it is thought, theiefoie, that tie ^ 
of the absoiption of metabolites is combined ivith the effect o reac i 
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and their weights were obser\ed at mler\als o%er periods of from 45 to 47 hours, 
during which no food or fluid was gnen At the end of this period of observation 
the animals, w'hich had regained consciousness, were returned to cages, watered 

and fed , , j 

In control animal 712 a catheter was introduced into the urinary bladder and 
all the urine collected The total loss of weight was 0 469 Kg , 110 cc of urine w'as 
obtained during the first 20 hours and none thereafter In another animal, not 
included in the series, direct measurements of blood pressure w'ere made 
periodically, and the output of urine through a cystostomy was measured at half- 
hour mter\als, the results of this experiment are summarized m figure 2 This 
graph shows that the blood pressure gradually fell but did not reach a low level 
until shorth before death, and that the urinary output fell nearly to zero after 17 
hours The total urlllar^ output was 107 cc , the total loss of w'eight, 0 5 Kg 
The animal died at 35 hours, a factor in causing death was the repeated small 
withdrawals of blood necessitated by the use of a carotid cannula, for w'hich reason 
this animal was discarded from the group of controls 

Of the 6 animals studied, all but 1 (871) survived (table 1) The animals 
lost W’eight in almost direct proportion to the elapsed time, the a\erage amount 
being 911 per cent of the bodj’ w'eight in 46% hours (fig 3) This loss of w’eight 


Table 1 — Conliol Sows 
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S2 

270 5 
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Recoven 

S20 
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Recov erj 

‘tscniLc 

270 4 

9 11% at 46 2 hours 



occurring m the absence of food or fluid intake w’as due chlefl^ to e\aporation from 
the rcspiratorj tract, since in the two animals in which the urinary output was 
measured this iinounted to onlj one fifth to one fourth of the total loss of weight 
and since none of the annuals defecated during the period of obsercation These 
results coincide well with the studies of Coller and kladdock.^^ who found that 
surgical patients lost as “insensible loss of water” from 1 6 to 4 5 per cent of their 
l)Qd\ weight daiU 


oiisinc/ioii L\{<iiimiiils — Nineteen dogs were anesthetized with similar 
10 es (actual a\eragc, 262 4 mg per kilogram of bod\ weight) of sodium barbital 
111 ruenous \, (midleg was constricted in the following manner for periods 

1 roin _ to _0 hours slender steel skewer about 12 cm long was placed 

iroug 1 tie gluteal muscles with aseptic precautions, and two turns of rubber 
nnng were tiglith applied aboic the pm at the le\el of the hip joint, thus 
1 mizing CO ateral circulation through the femur The animals were weighed 
before md at , uteri aK during the experiments 

>"> La, I'limals studied, 6 recosered while 13 died at inters als of from 5 to 

constrictor There was in no case noticeable swelling 


14 Collcr, F \ , -jnd Maddock, W G 
1 aticnte ^nn Surg 98 952, 1933 


The ater Requirements of Surgical 
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The aclmiiustiation of blood or plasma to the animal m amounts 
approximately equal to the estimated loss of fluid into the ligated 
was found to be insufficient to prevent death after prolonged 
constriction The reason foi the failure of this method of treatment 
was apparently that the blood oi plasma administered did not remain 
in the general circulation but was poured out into the damaged limb 
as an increased amount of transudate, where it was, in part, recovered in 
the experiments AVhen this leakage was prevented by amputation, 
transfusion of blood caused survival Amputation of the ligated leg 
without the administration of blood or plasma was shown to be inade- 
quate to prevent deatli wdien performed aftei sivelling of the leg had 
occurred 

SUAIMARY 

Experiments weie performed on 19 dogs in an effort to study the 
effects of prolonged constriction of a limb One hindlimb of each 
dog was ligated by means of a rubber tourniquet for a period of from 
2 to 20 hours under barbital anesthesia and then released Of these 
animals 69 per cent died at an aveiage interval of 25% hours after 
release of the constrictor, wdiile only 17 per cent of a control series 
died No animal with a leg constricted for less than 3 hours died, 
wdiile every animal wuth a leg constricted for a period m excess oi^ 6^ 
hours died 

The possible leasons for the depression of blood pressure which 
follow's the release of a tourniquet and for the subsequent death of the 
animal were discussed It w'as thought that reactive hyperemia of 
the constricted limb and the absorption of metabolites from the limb 
were piobably responsible for the primary transient depression of the 
blood pressure, but that the secondary and more serious fall of blood 
pressure w'as occasioned by swelling of the damaged extremity by 
transudation and the consequent diminution of the circulating blood 
volume The local loss of a part-plasma fluid in amounts probably 
adequate to cause death was demonstrated The absorption of the 
products of anaerobic bacteriolysis of the tissues is another possible 
factor in the lowering of the blood pressure, but no positive proof or 
denial of its importance can be adduced from the present experiments 
Survival of the animal after prolonged constriction of a limb was 
obtained by amputation of the limb followed by transfusion of blood, 
but not by transfusion alone or by amputation alone 

CONCLUSIONS 

1 Prolonged constriction of an extremity by a tourniquet and release 
result in circulatory depression and death in a high percentage of dogs 
The mortality increases ivith increased periods of constriction 
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Ihe results of these experiments are siminiarized m table 2 It will be obscr\ecl 
that 6 dogs sunned after the release of constrictions of from 2 to 614 hours, while 
13 dogs died after constrictors which had been applied from 3 to 20 hours %\ere 
released These animals died from S to 52 hours after release, the arerage of the 
survival periods being 25% hours There was an acerage net loss in w'eight of 
4 26 per cent during this period, which is approximate^ the same as that obscrced 
in the control series There was aii additional loss of fluid into the constricted 
extremitj averaging 3 54 per cent of the body weight at the time of death Ai 
anaerobic gas-forming bacillus was recovered from the normal leg in 7 of 11 cases, 
and from the ligated leg in 8 of 11 cases, no specific identification of this Clostri- 
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dium was attempted Various other organisms were cultured infrequentb and 
irregularlj from both legs 

The question as to whether thrombosis or occlusion of the vessels occurred in 
anLaT" ‘"'^"^'Sated bv dissection of the limb m most of the 

Tere It ^ dogs that 

for neriods nAi/ T ^ a hindleg of each was ligated as described 

14 IS and fih ^ animals were apparentlv moribund, 

ca’nnulated tl release of the constrictor, the aorta was 

en genograms showed very nearly equal filling of the arteries 



THE PRESENT STATUS OF IODINE IN TREAT- 
MENT OF EXOPHTHALMIC GOITER 


JOSEPH L De COURCY, M D 

CIKCINNATI 

The ^aluc of jodine in the preoperative treatment of exophthalmic 
goiter IS too ell established to admit of any controversy Since 
Plummer almost twehe )'ears ago put forward his advocacy of aqueous 
solution of iodine U S P administered m connection with the treat- 
ment of this condition there has been a steady increase in the employ- 
ment of this theiap}'- and a corresponding increase in the success which 
has attended therapy of goiter in general, attributable largely to iodine 
medication So great indeed has this success been that there is per- 
ceptible at piesent a tendency to overdo iodine medication and to 
make use of it as routine in all cases in which dysfunction of the thyroid 
has been postulated or even suspected, without due consideration of 
possible contraindications or a real understanding of all the factors 
involved 

This tendency is much to be deplored, for it will inevitably lead to 
a revolt against the appaient misapplication of a valuable therapeutic 
adjuvant simply because it has failed to prove itself a specific for 
every manifestation of disease of the thyroid There seems to be 
little m the recent literature which sounds any such note of warning, 
nor have I encountered detailed discussions of the limitations which 
an extended use of aqueous solution of iodine as a preparative measure 
in the surgical tieatment of exophthalmic goiter has taught the medical 
profession to respect most strictly 

An exception to this is the paper by Martin ^ of Montpellier, which 
appeared in the A) chives de la Societe sciences Medicales dn Mont-' 
pelltei in March last veai In this paper stress was laid on the advan- 
tages of iodine medication in early life Foi simple goitei it is 
lecommended “mvaiiably” for children, “under careful surveillance” 
for adolescent boys and gnls, “with extreme prudence” for persons 
over 25 and “nevei aftei 40 except at the risk of producing Basedow’s 
syndrome ” But as prepaiation for operation when exophthalmic goiter 
is already established, its “prudent employment in small doses and for 
a very limited time” is allowable, although the author concluded by 
stating his opinion that its value is to be questioned in any case of 

From the Department of Surgery, De Courci Clinic 

1 Martin, J lode et goitres, Arch Soc d sc med et biol de Montpellier 
15 206, 1934 



WILSON-ROOME-CONSTRICllON OF LXJRLMIlY 341 

the thigh, except the femonl arter^ and vein and the femoral and sciatic nerves 
The arten and vein were obstructed for periods of from 2 to 2;4 hours and then 
released A plethysmograph applied to the opposite limb and connected to a sensi- 
tive piston recorder showed m all cases a transient minor vasodilatation of 0 2 cc 
or less and of about a minute’s duration 

D Tiaiisfmoii and Amputation Expo tnu iifr— Eight experiments, summarired in 
table 3, were carried out in an attempt to prevent by treatment such deaths as weie 
observed m series B following prolonged constriction of a limb The anesthesia 
and method of constriction nere m all cases exacth similar to those of senes B 
In 2 animals (583 and 585) a limb was constricted for 7 and 10 hours, rcspec- 
tnely, and the animals were treated iMth aery large amoimts of citrated whole 
blood, given in repeated small doses at inters als, and iisualh accompanied In 


Table 3 — Tiansjwnon and Ampulalion Er/’n iiiiciil? 
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* A plus sign indicates the presence a minus sign the absence, ot Clostridvn 


physiologic solution of sodium chloride (table 3) These animals died 7 and 16 
hours after the release of the constrictor Two dogs (7 and 8) each had a limb 
constricted 7 hours, and likewise died in spite of the administration of very large 
OSes o citrated plasma In these 4 experiments m which death occurred after the 
replacement of blood or plasma in apparently adequate amounts, there was a marked 
increase in the loss of fluid into the ligated extremity as compared with the losses 
Q ser\ec m senes B, the aierage amount being 5 77 per cent of the body weight 
tius, It appeared that much of the fluid administered failed to remain in the gen- 
era circu ation, but instead was i>oured out into the tissues of the damaged limb 
Therefore, m 2 animals (9 and 10) amputation of the ligated leg at the level 
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times a day— and the results obtained, we believe, fully justify us m 
continuing this course Though we prefer the aqueous solution, there 
IS no reason to stress the importance of one form of iodine over anothei 
We do think, howevei, that inorganic iodine is superior to the di-iodo- 
tyrosine pieparations concerning nhich one heard so much several 
years ago It may be remembeied that Gutman and his associates - at 
the Medical Centei, New Yoik, used this treatment in thirty cases of 
hyperthyroidism m which operation was to be performed, while main- 
taining a careful comparison with another senes of cases m which 
aqueous solution of iodine oi sodium iodide was administered In their 
conclusions Gutman and his co-workers stated that they were more 
impressed b} the similarities than bj the differences between the response 
of patients uith Iwperthj i oidisin to di-iodotyrosine and the lesponse 
to otlier iodine compounds, and in the end these workers decided that 
the conclusion that the effects of the two forms of medication are 
essentially the same “appears justified ” 

I have reason to believe that the feai that the administration of large 
doses will cause iodine hj perth) roidism is groundless I will even go 
so far as to sa) that the existence of anj such entity as hyperthyroidism 
caused by iodine appears problematic It is reasonable to suppose that if 
one were to gne laige quantities of iodine over a long period lodism 
might occur and the good effects which the iodine medication unques- 
tionabl}'’ has on the disturbance in the thyioid would m this way be 
obscured, even to the extent of simulating overactivity of the gland 
But we have never obsen'cd such a case 

As to the time which should be occupied m administering a course 
of iodine therapy, mj colleagues and I are again in disagreement with 
the French surgeon whom I quoted In clinical work we ha\e found 
that from ten da3S to two w'ceks is usually sufficient for patients whose 
glands are onl) modeiately enlarged The size of the gland is the 
criterion, not the sevenh of the sjmptoms Obsen^ations made during 
the period of administiation of iodine will serve to establish the length 
of time medication should be continued In patients with the large 
hyperplastic type of gland w'e w^atch for local changes in the thyroid 
itself and observe their relation to the abatement, or failure to abate, 
of the characteristic symptoms In cases of this general type it is 
sometimes deemed wnse to give iodine for as long as four w^eeks before 
considering the patient sufficiently prepared for operation 

These remaiks apply only to the use of iodine as a measuie of pre- 
operative preparation The long continued employment of iodine when 
surgical intervention is not contemplated is another matter In this 


2 Gutman, A B , Sloan, L W , Gutman, E B, and Palmer, W W Rok 
of Duodotyrosme in Hj perthvroidism A Comparison 
Diiodotyrosine with Inorganic Iodine, JAMA 101 256 (Julj 2 ) 
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hyperemia to cause the primary transient fall of the blood pressure, 
and that it is not impoitant in the causation of the moie serious secondarj 

fall 

No definite conclusion can be reached from the piesent experiments 
as to the importance of the products of bacteiial action in the limb in 
the causation of death Clostridia weie demonstiated m the tissues of 
both the normal and the constricted legs in a majority of the experi- 
ments, but no tests were made as to the production of exotoxm by the 
strains lecovered But, in view of the work of Xiusler and Reeves, 
it IS possible that these organisms are not identical with Clostridium 
Welchii and do not form a true exotoxm However, the ‘‘muscle 
organism” described by these authors formed gas and liquefied tissues 
much as Cl Welchii does, and the products of this disintegration of 
tissue may^ be circulatory depressants 

The possibility that death is due to the withdrawal of fluid from 
the circulation to produce swelling of the limb seems likely'’ fiom the 
experimental data presented By calculation of the difference in \\ eights 
of the two hind quarters it was found that an average accumulation of 
fluid equal to 3 54 per cent of the body w'eight had occurred in the 
constricted limb This fluid had chemical characteristics showing that 
It was, in large part, plasma It has been showm by Blalock^® that 
loss of plasma is lethal when it is removed m small amounts totaling 
on the average 2 4 per cent of the body'’ weight over an average period of 
28j4 hours It is thought, therefore, that the amount of part-plasma 
fluid lost into the constricted limb m the present experiments is adequate 
to cause death 

A contributory cause of death m experiments of this type is the 
long period of anesthesia during which no food or fluids are given There 
ivas found an average loss of weight, chiefly from the respiratory' 
tract, of 426 per cent of the body weight duimg the average period 
of 25% hours , this loss of water no doubt constitutes a sensitization to 
further loss of fluid, as into the constricted limb 

The animals of senes B fall into three groups, as follows (1) those 
in which the limb was constricted for periods of less than 3 hours, 
all of which lecovered, (2) those in which the legs were ligated from 3 
to 6J4 hours, of w'hich some died and some lecoveied, and (3) the group 
in which constriction was for periods iongei than hours, all of rvhich 
died Thus, the mortality from ligation and lelease of an extremity 
increases with the duiation of ligation 

15 Trusler, H lil , and Reeves, J R Significance of Anaerobic Organisms 
in li'entonitis Due to Liver Autolysis, Arch Surg 28 479 (March) 1934 

16 Blalock, A Experimental Shock, South M J 23 1013, 1930 
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These are tlie patients who Jater seek treatment in the well known 
clinics for the treatment of goiter The surgeon to whom they even- 
tually are assigned is faced with a grave problem He must perform 
the operation under risks practically as great as those taken before 
the therapy with aqueous solution of iodine was devised For the 
“lodme-fast” patient a primary thyroidectomy is too dangerous Lobec- 
tomy or hgation must be resorted to, and the long delay and uncertain 
outcome add greatly to the anxiety of all concerned 

In view of these clinical observations, the probability that the thyroid, 
like the pituitary gland, secretes two distinct hormones becomes strong 
Kendall's ® work of almost two decades ago established the existence and 
action of a compound which has since been termed thyroxine At the 
time this experimentation was being carried on, it was demonstrated 
that in cases of complete atrophy of the thjwoid, when the basal 
metabolic rate is 40 pei cent below normal, the administration of 
thyroxine alone will restore the rate to normal and maintain it as long 
as the extract is taken regularly In commenting on this Kendall put 
the question In complete atrophy of the thyroid, the complete or 
nearly complete absence of thyroxine may be assumed , therefore, what 
maintains energy output from 100 per cent below normal, which would 
be death, up to 40 per cent below normal, the point to which basal 
metabolism sinks m the absence of thyroxine’ 

Kendall was able to answer this question only by propounding 
anothei, which he used as the conclusion to a paper on the subject of 
th)ooxine m 1918 

That the active [chemical] groups present in thjroxm are a necessary mech- 
anism for the production of energj'^ within the body seems highly probable, and 
it IS of great interest and significance that there exists a close analogy between 
this substance, whose exact effect on metabolism we know, and other substances, 
creatin, creatimn, amino-acids and proteins, winch are also intimately associated 
with reactions occurring within the animal organism Are these substances also 
concerned in the maintenance of the basal metabolism^ 

So far as I know, no one has attempted to answei this oi allied 
questions until recently A yeai ago, Davis “ sought to establish what 
It IS that binds lodme to foim the active principle of the thyroid, 
thyroxine His method was suggested by Siveet’s article in 1918, in 
which It was related that a type of colloid goiter could be developed in 
dogs by hgation of the pancreatic duct This suggested that the removal 
of trypsin fiom the intestinal tract brought about incomplete hydrolysis 
of the proteins to the ammo-acid stage In this event tyrosine would 

5 Kendall, E C The Active Constituent of the Thyroid, J A Hf A 71 
871 (Sept 14)’ 1918 

6 Davis, I S , Jr Thyroid Secretion, Ann Surg 99 383, 1934 
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2 The fall of blood pressure and death are probably due chiefly 
to the withdrawal of water and plasma proteins from the general 
circulation to produce local swelling of the constricted limb 

3 Transfusion of blood or amputation of the leg after swelling 
has occurred are inadequate to prevent death after prolonged constriction 
Amputation of the damaged limb followed by transfusion, however, 
leads to survival 
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ADVINISTR^TIOK OF lODIDC IN RELATION TO OPERATION 

Central ) to the expeiience of Clute and Pilcher, which may be 
accepted as the genera! experience at the Lahey Clinic, my colleagues 
and I have not had unpleasant occurrences during operation on patients 
who had been taking iodine for an extended period before they came 
into our care Recently I operated on a patient with a large exophthalmic 
goitei v ho had been taking iodine, 10 minims four times a day, for six 
months previously A bilateral subtotal thyroidectomy was performed, 
and convalescence was uneventful, with the temperature never eromg 
above 102 F 

We continue to admmistei iodine after the gland has been removed, 
giving 31 grains (2 615 Gm ) of sodium iodide intravenously while the 
patient is on the operating table During the first twenty-four hours 
after operation, about 100 minims (62 cc ) is administered by rectum 
If the patient is admitted to the hospital four or five days prior to 
operation, w'e keep her in bed and increase the previous dosage of iodine 
up to 15 minims (1 63 cc ) three times a day 

I treated thirty -two patients in this way from January to December 
1934, wnth no fatalities In most cases the operation is completed at 
one session, but if the goiter is exceptionally' large ive perform a uni- 
lateral lobectomy and remove the second lobe about three days later, 
closing the ivound entirely in the inten'al betiveen the steps of the 
procedure We suture the sternothyroid muscle to the anterior fascia 
of the trachea but do not use any drainage when the thyroidectomy is 
completed As ive have perfonned more than fifteen hundred opera- 
tions without postoperative drainage, we are convinced that our practice 
m this legard has proved its wisdom 

If the gland is friable the tw'o stage lobectomy has proved the best 
method of handling, and we never perform a total thyroidectomy, as 
we feel that subtotal excision relieves the symptoms of hyperthyroidism 
and offers no risk of producing those attending my'xedema Subtotal 
resection is most satisfactoiy in those patients who give definite evidence 
of thyroid hyperplasia with hyperthyroidism together with congestive 
heart failure or angina pectoris In this type of patient w'e have had 
particularly' good results and have been able to confer substantial benefit, 
equal to that following total excision, without subjecting the patient to 
any of the risks of the more radical procedure 

The administration of iodine must, of course, be carried out under 
the careful supervision by the physician in charge Hyperthyroidism 
does not take place until a rise in the basal metabolic rate has been in 
evidence for a definite length of time If toxic symptoms arise it is a 
sign that the secretion from the thyroid is not normal , m other words, 
one IS dealing with a perverted secretion, not with an increase in tie 
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exophthalmos For one case m which it cures, it aggla^ates the con- 
dition in a far greater number, he wrote 

I cannot subscribe to the conclusions of this French author, foi 
during a period of more than a decade my colleagues and I have 
employed iodine as routine preoperatne medication and have noted a 
steady improvement m postoperative results and a lowering of mor- 
tality, which despite greater skill m operative technic can be accounted 
for by nothing except the virtues of this preoperative medication 
Therefore, we do not hesitate to state emphatically that iodine should 
be administered when preparing patients with hyperplastic goiter for 
operation 

DURATION AND DOSAGE 


In the matter of duration of this preoperative medication as well as 
the amount to be given, we again difter with Martin, although his 
method of treatment is based on that followed in Switzerland, wdiere 
an unparalleled experience with goiter (although mostly of the colloid 
type) has gu'en physicians an authority which cannot be lightly dis- 
regarded Martin advocated fractional dosage 5 drops twice a day 
or, better, 2 drops five times a day, wdnch acts much better than 10 
drops taken all at once 

Against this I would contrast our procedure, tor despite this and 
other opinions to the contrary, I do not think that small doses of 1 or 
2 minims (0 062 or 0 124 cc ) are sufficient We have jet to have evi- 
dence presented which will serve to convince us that doses as small as 
those mentioned will be efficient in producing the stasis in the thyroid 
activity which is the result sought by such medication We maintain 
that the chief action of iodine m these cases is mechanical Depletion 
of the iodine store of the thyroid gland in cases of exophthalmic goiter 
has been repeatedly demonstrated When one administers iodine in the 


form of aqueous solution of iodine, U S P , there is a rapid increase in 
the colloid content of the gland This causes backpressure on the 
glandular acini and cell structure, as w'ell as on the blood vessels by 
which they are surrounded, thus producing decided edema within the 
gland This edematous condition is invariably in evidence when one 
operates on the thyroid of a patient previously treated with iodine It 
IS the mechanical action of the edema w Inch causes a stasis of functional 
activity in the secreting cells of the glandular tissue Because of this 
low'ered functional activity the amount of toxin poured into the blood 
^ream is shortly diminished, and clinical improvement is soon apparent 
o bring about this stasis the action of the solution of iodine must be 
prompt , otherwise its purpose will be defeated 

reasoning, we give large doses of aqueous 
solution of iodine— sometimes as high as 10 minims (0 62 cc ) three 



354 


ARCHIVES OF SURGERY 


also noted that the constitutional state associated with arteriosclerosis 
heightens the % agotonic tendency 

In a later stud\/^ published a feu months ago, Sigler presented 
fifty electrocardiograms obtained of pressure on the carotid sinus, which 
showed the predominant vagal effects on the heart to be smu-auricular 
slowing or standstill and various grades of auriculoventricular block 
Pressuie on the right carotid sinus had a greater tendency to produce 
complete standstill 

In his elaboiate monograph on the carotid sinus, presented in 1933 
at the Univeisit} of Pans, Merklen gathered a vast array of evidence, 
on which he commented as follows 

There is special interest in the facts cited here for the surgeon, particularly 
for him who is called on to operate in the region of the neck In cases of goiter 
or cervical tumor it is shown to be important to avoid all traction and irritation 
of the carotid arteries, w-hich points to cocainization of the sinus being preferable 
to chloroform or ether anesthesia, as either of these forms of anesthesia may 
exaggerate still further the sinucarotid reflexes 

It w'ould seem that tlie t agotonic predisposition may have been 
present m our cases of unexplained death This question should have 
further iinestigation 

CONCLUSIONS AND SU-AIJIARV 

1 Iodine has definite but limited value m the treatment of hyper- 
plastic goiter It IS used preferably in preoperative preparation 

2 The period of preoperative lodinization should last from ten dajs 
to tw'o weeks when the gland is of moderate size, regardless of the 
seventy of the s}mptoms Considerable dosage is required 

3 The use of iodine for treatment without thyroidectomy m view' 
has the unfortunate effect of making the patient “lodine-fast,” so that 
w'hen operation finally becomes necessarj' preoperative lodinization fails 
to produce the temporar}' benefit required to reduce surgical risk 

4 The teinporar}' improvement following iodine medication m cases 
of exophthalaniic goiter is due to the deposition of colloid and edema of 
the gland, causing backpressure on the glandular acini which checks toxic 
absorption When compensation occurs in the gland the toxic symptoms 
reappear 

5 Sudden death on the operating table continues to occur as a result 
of surgical inteivention on the thyroid We have had five such deaths 
in the course of performing over eight thousand thyroidectomies 

11 Sigler, L H Electrocardiographic Observations on Carotid Sinus Reflex, 
Am Heart J 9 782, 1934 

12 Merklen, E P Recherches cliniques et experimentales sur le sinu 
carotidien, These de Pans, no lo/, 1933 



DE COURCY— IODINE IN EXOPHTHALMIC GOITER 349 


respect we are m complete agreement with Clute and Pilcher,® ^^ho 
stated about a year ago 


Surgery is a safe, quick, and sure method for the cure of hyperthyroidism 
The longer the hj perthyroidism persists, whether it be partially controlled by 
iodine or not, the more serious the disease and the more dangerous the surgery 
We are completely satisfied that it is wrong to gne patients with hyperthyroidism, 
whether it be due to exophthalmic goiter or to adenomatous goiter, iodine for 
long periods of time, before insisting upon the surgical treatment 


Many of Clute and Pilcher’s patients came to them after the> had 
had long courses of treatment with iodine elsewhere Indeed, it was 
doubtless the failuie of this treatment that led their previous medical 
attendants to “gn e them up,” so that they eventually reached the Lahey 
Clinic as greatei surgical risks and generally in much poorer condition 
than the patients who were under care m this clinic from the onset 
of hyperthyroidism and received iodine medication for only a limited 
period and puielj as a preoperative measure 

Clute and Pilcher were led to conclude that one of the greatest evils 
done by iodine is the influence of an initial gam under such medication 
“m misleading the patient and postponing, m certain cases, the necessary 
surgical measuies in potentially malignant non-toxic goiteis The 
administration of iodine for long periods of time in hyperthyioidism 
does great harm in increasing the risk of surgery, the number of opeia- 
tions necessary for the relief of the patient, and the prolongation of the 
patient’s disabiht} ” 

As fai back as 1928 Jackson* emphasized the giave possibilities of 
this situation He found that although iodine eftected a temporary'' 
benefit in cases of exophthalmic goiter this was followed by a period in 
which the patient became “lodine-fast” and acquired a tolerance for the 
drug The metabolic rate, Avhich at first had fallen with such gratifying 
promptness, again became elevated, and in some instances the myo- 
cardium was so damaged that auricular filinllation occurred In the 
meantime the general appearance and well-being of the patient improved 
temporarily The weight increased, and m the patient’s own opinion he 
was deriving great assistance from the medication This period of 
improvement, howevei, was variable Some patients lespouded very 
well for three or four weeks, and then, in spite of rest and continuation 
of a high dosage of iodine, they began to go down hill, and all eftorts 
to restore them to the original level of health ended in failure 


Place of Iodine m Treatment of 


3 Clute, H M , and Pilcher, L S , Jr 
Goiter, New England J Med 210 117, 1934 

4 JacksM, A. S , and Ewell, G H Danger of Prolonged Use of Luo-ol’s 
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undei 2 ycais of age and prcfeiably for those under 1 year, it is best 
01 those less than 6 months of age Twenty-two children with sub- 
luxation and n with dislocation have been tieated this way 

[Ed Notl— T his method of theiapy is simple, but unusual con- 
idencc must be placed m the mothei or the attendant to assure satis- 
factoij' maintenance of the apparatus ] 

Stains of Thciapy foi Congcmtal Dislocation of the Hip —hoimz" 
leviews the larious methods of therapy — ^prophylactic, conservative, 
palliative and opciatue Tie concludes that not one form should be 
proposed, but that each patient should be given what seems best in that 
case A careful levieu of the liteiature is given, but few new recom- 
mendations of theiapy aic made 

[Ed Note — This papei is of mteiest chiefl}’’ as a retrospect and 
final w'ord of an outstanding authority on this problem ] 

Tieatincnt foi Congenital Clubfoot — In an excellent article Kite® 
review'^s the thiee essential elements of the defoimity in congenital 
clubfoot abduction of the foiefoot, inversion of the os calcis and talipes 
equinus He stresses the necessit}' of correcting these deformities 
singly in the afoiementioned order if good results are to be obtained 
by conservative tieatment He has been able to correct severe deformity 
in 90 per cent of the cases wnthout operative treatment and without 
forcible manipulation b} the lepeated application of plaster casts He 
recommends the Hoke opeiation foi clubfoot in the lemaining 10 per 
cent of the cases w hen as much correction as possible has been obtained 
b)'^ casts and by w edging 

Tieatment foi Clubhand — Diinnenbeig ■* repoits his experience in 
the treatment of 3 childien with clubhand, the result of a congenital 
defect of the ladius In 2 the ulna w^as transplanted into a wedge-shaped 
opening through the distal and the proximal row of carpal bones 
coming between the lessei multangular and the capitate carpal bones 
After six weeks’ fixation in plaster, exeicises w^ere begun Position and 
function were lepoited to be good one year after operation In the 
third case the second metacaipal bone was osteotomwed and w^as put in 
apposition to the othei fingeis in oidei to form a thumb Good function 
in the thumb w^as obseived one year latei 

Congenital Absence of the Eibii/o — Lapasset and Cahuzac® lepoit 
III detail a case of bilateial absence of the fibula and review 295 similar 
cases leported m the literature Then conclusions are that absence 
of the fibula is a fairl} common congenital anomaly The bone was 

2 Lorenz, A Ztschr f orthop Chir 63 93, 1935 

3 Kite, J H Surg, Gynec S. Obst 61 190, 1935 

4 Dnnnenberg, A Ztschr f orthop Chir 63 297, 1935 

5 Lapasset and Cahuzac Rev d'orthop 22 110, 1935 
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not be available for the formation of tli}roxine, and iodine would be 
stored in the thyroid Davis’ results are not definite, but he did demon- 
strate that the dog in which the pancreatic duct was ligated died much 
emaciated if it received iodides by mouth or di-iodotyrosine intra- 
venously but would live indefinitely if given thyioxine intravenously 
On the othei hand, tyrosine given by mouth did not delay death The 
iodine content of the thyroid glands of such dogs was great Other 
studies, such as those of Zechel ^ and McEachern,® though providing 
nothing definite in regard to a twofold secretion of hormone by the 
thyroid gland, have notivithstanding added evidence that the substance 
used undei the name thyroxine represents much more than the active 
pioperties of iodine 

When Dodds® in 1934 discussed substitutes for thyioxine, he 
brought out some interesting facts uncovered by chemists who are 
engaged in this search Another compound isolated from the thyroid 
gland — 3-S-di-iodothyronine — has been found capable of replacing 
thyroxine for therapeutic administration, showing, as Dodds put it, that 
“the thyroid lock may be picked by a skeleton ke}'^ ” He added “If we 
contrast the two formulae, it can be seen that they are relatively near to 
each othei in structure, and all that is requiied is the introduction of 
two iodine atoms into the 3' 5' position ” It is just these slight diftei- 
ences which should lead chemists eventually to the detection of the 
varying active principles, although there is piobably a long road to be 
traveled before one comes to a clear field But one should not be con- 
tent to try to explain the action of iodine solely in terms of understanding 
of the action and composition of thyroxine For though, as Dodds put 
it, “to many it would appear that the isolation of the hormone represents 
the be-all and end-all of the expei imentalist’s aim and object, yet we 
know that unless the actual mechanism of action is understood, we only 
undei stand one fraction of the problem ” 

It IS not unreasonable to suppose that in estimating the chemical 
action of iodine administered as a prelimmarj’’ to removal of the hyper- 
plastic th) roid one is dealing with two distinct hormones One of these 
may cause si niptoms of thyrotoxicosis in the face of a normal or sub- 
1101 inal basal metabolic rate, appearing in conjunction with a so-called 
toxic sdcnoma or nodula.r thyroid 


54 ^ ”” Thjroid Gland, Surg, Gynec & Obst 

1 f A ^ Direct ^leasurements of Oxigen Consumption of Iso- 
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given inti avenously No untoward reaction followed mtiavenous therapy, 
in spite of the fact that the acid was not neutralized before injection A 
single massive dose of cevitamic acid given eithei in pure form or as 
orange juice appears to favoi lieahng of infantile scmvy as effectively 
as would the same total dose given in small daily portions over a period 
of eight da\'s 

TUBERCULOSIS 

End-Rcudi’! of the Tieatmcnt foi Tnbei ctilosts of the Spine — 
Stalmann® icviews the lesults of treatment m 218 patients suffering 
from tuberculosis of the spine, at Hanover, German)’’ Gravitation 
abscesses were found in 23 per cent of the patients Fistulas developed 
in 19 per cent Paralysis Avas found in 14 per cent, but this s)mptom 
usually disappeared after lest in bed Kyphos (persisting) was found 
in 89 per cent The aA^eiage period of healing was four and one-half 
years Fifty patients bad died (23 percent), 5 fioin pulmonary tuber- 
culosis, 7 of tuberculous meningitis and 5 of amyloid disease The 
lemainder had died of various diseases onl)^ secondarily related to tuber- 
culosis Treatment consisted of recumbency m a plaster bed ivith sun 
therapy and general measures to build up the patient constitutionally 
The patient’s progress was followed by roentgenographic studies and 
by the blood sedimentation tests When the general condition was suffi- 
ciently improved and roentgenograms shoived healing, the patient was 
allowed to be up, and a leather corset was rvorn No operations were 
reported 

[Ed Note — Stalmann found the greatest number of cases in patients 
2 years of age — an unfavorable reflection on the practice of public health 
measures m that community No mention is made of recurrences, but 
the very high percentage of persisting deformity suggests that more 
wgorous corrective measures and possibly occasional spinal fusion might 
have pi evented some deformity] 

Tuhet culosis of the Distal End of the Tibia and Fibula — ^Logrosemo ® 
lepoits 5 cases of tuberculous involvement of the distal metaphysis of 
the tibia and fibula (4 of the former and 1 of the latter) This lesion 
unaccompanied by a synovial lesion of the ankle is very uncommon 
Sinus formation is frequent Absence of fever and only slight relative 
pam and increase of local heat are significant m differentiating this lesion 
from a pyogenic lesion In only 1 case was the diagnosis proved Treat- 
ment consisted of immobilization Eventual recovery without loss of 
motion of the ankle occurred It is of interest that in several of these 
cases there were multiple tuberculous lesions 

8 Stalmann, A Zfschr f orthop Chir 63 319, 1935 

9 Logrosewo, D Chir d org di movimento 19 545, 1935 
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amount of normal thyroxine I dislike the term mild hypeithyroidism 
No stage of hyperthyroidism should be looked on as mild It is a grave 
condition calling for immediate consideration and treatment Operation 
may not always be necessary, but to give the patient iodine medication 
(except for preoperative preparation) in the presence of demonstrable 
overactivity of the thyroid is a risky proceduie 


FAT \LITIES 


In urging operation in these cases of so-called mild h\ perthyroidism, 
one must face the charge that death on the operating table has by no 
means ceased to take place In a series of more than eight thousand 
thyroidectomies we have had five such deaths One should never cease 
one’s efforts to reduce this mortality to zeio Anything which one can 
contribute toward this, 'from experience, should be freely put at the 
disposal of one’s colleagues, no matter how much one may feel per- 
sonal responsibility in a particular case 

Of the five fatal cases m our series, one was an instance of a 
malignant condition of the thyroid The immediate cause of death was 
an air embolism due to accidental tearing of an infiltrated jugular vein 
In the four other cases the patient presented f liable glands, and great 
traction was necessary In the earlier cases I blamed the anesthetic 
for the fatal outcome and hoped to overcome the difficulty by using only 
nitrous oxide-oxygen anesthesia, with forced pressure when needed 
This seemed to be satisfactory until recently, when another death 
occurred 


It seems possible that pressure on the carotid sinus or at least 
stimulation of the reflex in the sinus may account for the sudden 
stoppage of the heart which appears to be due to the anesthetic 
Sigler,'® in a study of the reflex m the carotid sinus made m 1933, found 
that there is a wide variation in the response of different persons to 
stimulation of this reflex This he attributed to “variation in the 
\agotonic predisposition” which seems to be less m females and in 
persons with neurocirculatory asthenia He also found that “local 
disease affecting the various components of the reflex vagal arc will 
lower the^ threshold of irntability of that arc, producing a heightened 
response But as all the patients with similar disease conditions did 
not exhibit the same response, it was suggested to Sigler that “vagotonic 
predisposition is necessary in addition to the diseased state” This 
predisposition to slowing of the heart by pressure on the carotid sinus 
increases w ith age, reaching its maximum in middle life, and Sigler 


to fXro^t'? q’ ^ Observations on Carotid Sinus Reflex Response 
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Fif ty-Rve pel cent of the patients weie tieated by amputation because 
they were seen in the late stages of the disease Arthrodesis was done 
in only 1 1 cases The diagnosis in 96 was verified by histologic section 


P0Li0M\ runs 

Some Facto) s m Co)it)ol of Polio))iyehti<; — Fairbi other suggests 
that the sporadic natuie of acute poliomyelitis in Great Britain is due to 
a wide dissemination of a virus of limited viiulence which has imbued 
the majority of the adult population with some immunity In handling 
these small outbreaks, he suggests that all patients with poliomyelitis and 
those suspected of having it should be isolated and that prophylactic 
inoculations of serum and gargles of oxidizing substances should be 
given to those who have come in contact with patients Serum therapj^ 
by the intravenous and intramuscular loutes should be instituted without 
clela\ in cases diagnosed in the early stages 

CIIKOmC ARTIIRITJS 

Ostco-A) th) itis of the Hip Joints — McMuiray“ analyzes a series 
of 89 cases of osteo-arthritis of the hip joint and concludes that while 
manipulation may produce relief from the s\mptoms and an increase 
of movement, these improvements are only temporary With regard 
to operative procedures, he is of the opinion that although arthroplasty 
is ideal, usually no leal benefit is seemed for the patient, that arthrodesis 
of the hip IS an extensive operation, and that while it removes the pain 
from the joint, it puts a gieat strain on the lumbar portion of the spine 
and the sacro-iliac legion, which may become ciippled later The 
bifurcation operation of Loienz, however, is simple, of short duration 
and, if correctly earned out, brings lelief without loss of stability and 
puts no strain on the lumbar poi tion of the spine 

Uiidei-Watei Gymnastics m Cases of Chi onic Ai thi itis — Currence 
states that, regardless of type, patients suffei mg from chronic arthritis 
do not tolerate under- water theiapj”^ in a tank at the usual 86 F which 
is used in cases of pohoinj elitis, and water at body temperature is 
required at the start, with a giadual increase to from 101 to 104 F 
depending on the point which produces maximal relaxation The tem- 
perature IS then gradually reduced to from 96 to 98 F, depending on 
individual comfort Relaxation is charactei ized by vasodilatation of 
all of the capillaries of the skin During treatment, the relaxation 
greatly relieves musculai spasm and pain Joints which are painful on 
motion should be massaged bj gentle stroking before active motion is 


13 Fairbrofher, R W Brit M J 1 916, 1935 

14 McMurraj, T P Brit J Surg 22 716, 1935 

15 Currence, J D Arch Phvs Therapy 16 291, 1935 
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CONGENITAL DEFORMITIES 

Nczv Tieaiiiicnt foi Congenital Dislocation of the Hip — Bauer ^ 
believes that congenital dislocation of the hip is due to an abnormal 
fixation of the fetus in utero He substantiates this hypothesis by the 
finding of an asymmetry of the head associated with unilateral disloca- 
tions As there has been a retardation in the development of the 
acetabulum and the head of the femur owing to the adduction of 
the legs in utero, the treatment consists of correcting and maintaining the 
legs in abduction m such a way that motion is still possible A retentive 
apparatus is employed which is made of tape or ribbon in the following 
manner (1) a pair of shoulder straps or suspenders is fastened to a 
circular band about the lower part of the chest and (2) ribbons are 
buttoned to the band, they extend posteriorly and are looped over 
the upper end of the tibia In some instances the ribbons cross in the 
middle of the back Motion is possible, )et abduction is maintained 
Reduction occurs in from five to seven weeks Retention in this position 
IS continued for six months The method is applicable for children 

This report of progress is compiled from a re\ie\v of 173 papers selected 
from 313 titles relating to orthopedic surgery and appearing in medical literature 
approximately between July 1, 1935, and Oct 15, 1935 Only those which sug- 
gested progress were chosen for review 

1 Bauer, T Chir d org di moaimento 19 539, 1935 
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and the muscles Fevrc concludes that, except foi the Achilles tendon, 
opeiation on tendons alone do not sufhce but should be supplemented 
b}' neurotomy 

“New Pathways for Children with Cerebral Palsy," by Rogers and 
liiomas,'® a textbook which is the result of many years of experience 
m tile ti catment of cerebral palsy, is the best and most comprehensive 
treatise on this problem which we have seen The authors not only 
discuss the physical rehabilitation but also give sane advice as to 
pedagogic procedures and the problems of social adjustment A chapter 
by Dr Nelson Hatt reviews the surgical procedures applicable to 
patients with ceiebral palsy and their special indications Many of the 
methods advocated have been worked out in a commonsense manner at 
the special camp, “Robin Hood’s Barn," which is directed by the authors 
Folkuiaiin’s Paialysis — Sorrel"^ advocates resection of both bones 
of the foicarm in cases of Volkmann's paraljsis Enough bone is 
resected to allow complete extension of the fingers when the wrist is in 
extension This sometimes necessitates removing as much as 4 or S cm 
of bone The method of resection used is called ‘>csccUon en chevron 
and consists m making a slot m the end of one bone, into which is 
fitted the pointed end of the other bone In addition to shortening the 
bone, it IS necessary to strip the deep and superficial flexor muscles from 
their insertions and to cut or strip the pronator muscles 

[Ed Note — This suggests a rather formidable surgical procedure 
The pushing distahvard subperiosteally of the origin of the flexors of 
the forearm, as recommended by Steindler,-- has in most cases produced 
sufficient relaxation of the flexor tendons and is a much simpler pro- 
cedure ] 

CIRCULATORV DISTURBANCES OF THE EXTREMITIES 

Till ombo-AngiiUs Obhteians — From experience with 48 cases of 
thrombo-angiitis obliterans in which sympathetic ganglionectomy was 
performed, Telford and Stopford conclude that the operation not only 
is to be recommended, but is the only procedure that offers any hope of 
permanent relief The disease is always bilateral, and the best results 
are obtained in younger men or in patients in whom the spasmodic 
element is well defined clinically, as evidenced by reaction to exercises 
and the customary preliminary vasodilator tests With regard to 
positional color changes, it was found that the more clearly these were 
marked the less successful was the operation 

20 Rogers, Gladys G, and Thomas, Leach C New Pathways for Children 
with Cerebral Palsy, New York, The Macmillan Company, 1935 

21 Sorrel, E Pans med 1 569, 1935 

22 Steindler, A Am J Orthop Surg 15 741, 1917 

23 Telford, E D , and Stopford, J S Brit M J 1 863, 1935 
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entirely absent in two thirds of the cases When only a pait of the 
fibula was absent, the remaining portion was usually the upper or the 
lower third, but seldom the middle thud, of the bone Congenital 
absence of the fibula was rarely seen alone but was usually accompanied 
by other abnormalities In the upper part of the leg the only changes 
noted were occasional slight exaggeration of the usual femoral curves 
and atrophy of the external femoral condyle In the low^ei pait of the 
leg the tibia w^as usually thickened and defoimed, shownng a marked 
bow at the junction of the middle and the lowei third, this being concave 
on the side of the missing fibula The tibia w^as larely incomplete In 
the foot multiple anomalies were found which w'eie difficult to classify 
These anomalies could not be grouped as belonging to either the tibial 
or the fibular segment of the foot Various theories as to the cause of 
this condition were enumerated, but no conclusions w^ere drawn Treat- 
ment varied ivith each individual case, but m general conservatism was 
practical until late m or after the period of growth 

Congenital Genu Recwvatiim — A case of congenital genu recur- 
vatum IS desciibed by Middleton® From the lesults of the clinical and 
histologic examinations he concludes that the defoimity w^as due to con- 
tracture of the quadriceps extensor cruris muscle resulting from intra- 
uterine fibrofatty degeneration of the striated muscle fibers The 
pathologic process was in all respects similar to that found in cases of 
arthrogryposis multiplex congenita, or, to use Middleton’s term, myo- 
dystiophia deformans foetalis Operative i eduction rvas earned out m 
this case with a satisfactory result at the end of twenty-one months 

METABOLIC DISTURBANCES 

Cevitamic Acid Tlieiapy m Cases of Scinvy — Cevitamic acid, wdiich 
has been synthesized from dextrose and assays of wdiich rerealed that 
20 mg of cevitamic acid is equivalent to from 15 to 20 cc of lemon juice, 
was used by Goettsch m treating 4 infants wath severe scurvy long 
enough for comparison with control patients leceiving orange juice 
Serial roentgenograms and studies of excretions w’^ere made Calcium w^as 
deposited in subperiosteal hematomas on the second, third, fourth and 
fifth dajrs, respectively, while m the control infants wdio received orange 
juice calcification rvas not noted until the eighth, tenth and eleventh days 
rom the point of view of subjective symptoms, treatment with cevitamic 
aa resulted in satisfactory clinical improvement and was at least as 
effective as treatment with orange juice In no infant was relief from 
pain 0 tame , even when a massive dose of 400 mg of cevitamic acid w^as 

6 Middleton, D S BnL J Surg 22 696, 1935 
D.s Clnld“S’’’lSl (JunerSL'’^ Cei.tam.c Acid, Am J 
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Ihe diagnosis is based on pain, swelling, elevation of the pulse rate, 
sineais from the -nound and blood ciil tines, discoloiation, a bad 
odor, which is not a constant sign, elevation of temperature and the 
appeal ance of gas bubbles in the i oentgenogram Treatment is 
dependent on (1) accurate diagnosis, (2) early surgical intervention, 
involving multiple incisions into the skin and muscles if necessary 
(guillotine amputation well above the infected area being advocated in 
cases of extensive involvement of the muscles) , (3) serum therapy 
(intravenously), and (4) dressings of a solution of hydrogen peroxide, 
a dilute solution of sodium hypochlorite or a solution of potassium 
permanganate, the chief point being not to pack the wounds too tightly 

NEOPLASMS 

Rocntqciiogi aphic Diagnosis of 7 iniiois of the Bone — Geschickter 
states that since there is a definite limitation to the findings in a lesion 
of the bone depicted b} roentgenograms, it is important to obtain 
information from othei souices to increase one’s diagnostic ability 
Limited to tuniois of the bone, emphasis is given to roentgenographic 
features m this paper with remarks legarding treatment and w'hether 
or not roentgen therapy would be advisable m each case Forty sets 
of excellent illustiations are given wuth accompanying photomicrographs 
111 some cases The lesions are divided into two groups osteogenic 
tumors and tumors which are of nonosseous origin In each instance 
a careful interpretation of each illustiation is given This is an excellent 
paper for suminari7ing the important tiimois found by the roentgen- 
ologist or the orthopedic surgeon 

Ticatincnt of Giant Cell Tuniois — Geschickter-® discusses the 
tieatment of giant cell tumors under the headings of (1) indications 
for roentgen therapy and (2) indications foi surgical intervention 
He feels that four important factois should be considered before treat- 
ment IS undertaken (1) accurate diagnosis, (2) deteimination of the 
amount of health)' bone aiound the tumoi, (3) the function of the 
bone involved, which may determine tlie type of tieatment to employ, and 
(4) the possibility of performing a thoiough suigical removal of the 
lesion without impairment of function In a follmv-up study of 300 
cases in which various methods of treatment were used, the percentage 
of successful results w'as highest rvhen resection w'as employed 

Secondaiy Maible Bones— \Uobci suggests that the term 

“secondary marble bones” should be applied to the condition of -wide- 
spread hyperplastic osteosclerosis which is sometimes seen m roent- 
genograms of the skeletons of patients suftenng from carcinoma of the 

27 Geschickter, C F Am J Roentgenol 34 1, 1935 

28 Geschickter, C F J Bone 5. Joint Surg 17 550, 1935 

29 Weber, F P Lancet 1 377, 1935 



KUHNS ET AL— PROGRESS IN ORTHOPEDIC SURGERY 359 

Significance of Postnatal Development of the Tnbiilai Bones foi the 
Localization of Tiibci cnlosis — Stefko states that the earliest changes 
m the bone of an infant in whom tuberculosis of the bone is developing 
secondary to a pulmonary lesion are to be seen about the tiny vessels which 
run in the canals of the lamellae Perivascular infiltration is followed 
by erosion of the surioundmg lamellae and rupture into the adjacent 
marrow cavities At the age of 2 years vascularization of the lamellae 
IS maximal Also up to the age of 3 or 4 the marrow is of the myeloid 
type, which seems to favor the growth of tubercle bacilli Oldei persons 
who chance to retain partially the myeloid type of bone marrow are 
particularly disposed to the development of tuberculous osteomyelitis 
As a result of these infantile differences m bone, juxta-epiphyseal foci, 
which show only a poor tendency to calcify, remain quiescent on into 
later years These foci may light up and later involve the marrow 
or the capsule 

Tiaumatic Titbci ctilosis — Schuller reports 2 cases which he 
believes to be instances of traumatic tuberculosis In both instances 
the process appeared in a local operative site in a child who showed no 
signs of local or general tubeiculosis before operation and no evidence 
of general tuberculosis afterwaid The first patient, a boy of 11 years, 
had a closed redressment done for a moderate grade, congenital hollow 
foot (bilateral) After removal of the corrective cast, m five weeks, a 
swelling was noted on the lateral aspect of the left foot It was proved 
histologically to be tuberculous In the second case tuberculosis followed 
an open reconstructive operation on a foot that had been deformed 
by infantile paralysis A cast was worn for three months, when weight 
bearing was resumed Seven weeks later, while the patient was still 
wearing the cast, pain developed On the removal of the cast a swelling 
was seen on the lateral aspect of the foot Its contents were proved 
to be tuberculous A third case was recounted, although the patient was 
not seen personally 

Associatian of Infiathoiacic Lesions xvith Tubeiculosis of the Bones 
and Joints Meng and Chen,^- from a study of 100 cases of tuber- 
culosis of the bones and joints in Chinese, found that 47 per cent of 
the patients had frank pulmonary involvement and 75 per cent had intra- 
thoracic lesions of varying degree According to the authors, the human 
tubercle bacillus was the invading organism more often than the bovine 
tubercle bacillus Patients with lesion of a single joint had a greater 
preponderance of pulmonary involvement than did those with lesions 
o several j oints Of the 100 cases, draining sinuses were found in 66 

10 Sten^o, W H Ztschr f Tuberk 72 243, 1935 

11 Schuller, J l^Iunchen med Wchnschr 82 834, 1935 

eng, C H , and Chen, L L J Bone & Joint Surg 17 552, 1935 



366 


ARCHIVES OF SURGERY 


ungate the joint with physiologic solution of sodium choride for a 
half-houi or longer The joint is then closed securelj in layers and 
Jiumobihzed in a plaster cast Favorable results vere obtained in the 
cases reported The methods of W illems/® i e , early, adequate drainage 
followed by mobilization, and the method of Han is, i e , early drain- 
age followed by immobilization in plaster, should, in the opinion of the 
author, be leserved for the cases which could not be handled by the 
joint-washing procedure The frequency of acute trauma and distant 
foci of infection as causative factors in producing infection of a joint 
were emphasized 

Ti cafnicnf of Lymphedema by Plastic Opeiaftoii — Gillies and 
braser®' leport a case of lymphedema of both legs m uhich the con- 
dition resisted the usual forms of treatment There was no evidence of, 
or history suggesting, acute lymphangitis thermal and excretion 
tests it was ascertained that the lymphatics of the limbs were patent 
and that the block lay at the junction of the extremities and the trunk 
An almost perfect cure was established by transferring a long strip of 
skin and subcutaneous tissue from the forearm to the thigh and lateral 
abdominal wall This “tap” had almost entirely remoied the edema 
by the end of three months Four operations weie necessary to com- 
plete the “tap," but simpler methods were discussed 

Shelf Stahilmation of the Htp — ^Howorth found m a study of 61 
hips which were congenitally dislocated that the shelf operation, which 
consists in turning out a bone flap from the ilium perpendicular with the 
horizontal axis of the body, was the most satisfactory type of operation 
In this group about 75 per cent of the patients obtained good results 
In the group in -which the flap was turned upward the results were 
not as satisfactory All results were rated fiom an anatomic, functional 
and symptomatic standpoint The author is of the opinion that the 
shelf operation should not be done on a patient under 5 years of age 
Early mobilization was indicated, but weight bearing was not permitted 
until the patient had good control over the hip or until the roentgeno- 
gram showed a well formed shelf The operation was also done m 8 
cases of infantile paralysis Howorth does not advise correction of the 
anteversion of the femoral head, which was present m half of the cases, 
without reduction of the dislocation 

hiteimnommo-Abdommal (Hindquaitei) Amputation — Gordon- 
Taylor and Wiles report 5 cases of mterinnomino-abdommal amputa- 
tion, m which 3 patients survived They express the opinion that 


35 Willems, C Surg, Gynec & Obst 28 546, 1919 

36 Harris, R I J Bone & Joint Surg 7 849, 1925 

37 Gillies, H, and Fraser, F R Bnt J 1 96, 1933 
IS Howorth, MB J Bone & Joint Surg 17 945, 1935 

39 Gordon-Taylor, G, and Wiles, P Bnt J Surg 22 6/1, 1933 
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permitted As muscle tone mci eases, active under- water exercise is 
permitted Maximum benefit lesults fiom regulai, daily, systematic 
treatments Unless daily treatments are given, the tendency to letro- 
gression during the interval is too great to allow noteivoithy success 
Caution should be observed to avoid the complaint of fatigue following 
tieatment Eldeily peisons suflfeiing fiom osteo-arthritis have leceived 
the greatest benefit in the authoi’s hands, but patients with rheumatoid 
arthritis whose disease has actually subsided and whose joints were not 
ankylosed can be helped also 

THE KNEE 

Tiaiimatic Inpuy to the Knee — Daiiach^® studied 596 cases of 
traumatic injury to the knees seen at the Piesbyterian Hospital in New 
York Of these, 157 were cases of internal deiangement of the knee 
joint He favors a large exploiatory incision and advocates a iigid 
aseptic nontouch technic 

Spaulding,^" summarizing his experience from operations m 146 cases 
of traumatic injury to the knee, discourages the use of large incisions 
He never uses a tourniquet In no case was theie postoperative sepsis 

Injunes to the Cuiciatc Ligaments — Milch reports experiments 
and clinical evidence from which he concludes that, contrary to the 
general opinion, the anterior cruciate ligament is not a necessary struc- 
ture and Its loss is compatible with normal function of the knee joint 
He states that surgical efforts should be directed primarily toward repair 
of the intemal lateral ligament by means of the Alwyn-Smith pioceduie 
rather than toward the repair of the cruciate ligament by the Hey Groves 
operation He reports a number of cases in detail to illustrate this 
thesis 

SPASTIC AND ISCHEMIC PARALYSES 

Tieatment foi Spastic Patalyses — Fevie^® discusses the results of 
various therapeutic procedures m cases of spastic paraplegia The 
results are extremely variable, but surgical intervention is often indicated 
Ihe author feels that is particularly true if the surgeon keeps m mind 
that improvement and not cuie is the goal Most of the operations 
mentioned m Fevre’s paper were performed on children wath Little’s 
disease Talipes equinus yields best to lengthening of the tendon 
Flexion deformity of the knee requires both lengthening of the tendon 
(or tenotomy) and neurotomy (Stoffel’s operation) Adduction 
e ormity o f the thigh likewise requires operations on both the nerves 

16 Darrach, W Ann Surg 102 129, 1935 

IS ^ 115, 1935 

1935 ^ to the Crucial Ligaments, Arch Surg 30 805 (Ala} ) 

19 Fevre, M Rev d’orthop 22 220, 1935 
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dislocation of the atlas on the axis may occur late, following a symptom- 
free mteival They stiess the necessity of careful repeated roentgeno- 
graphic study of fiactuies of the odontoid process and if evidence 
piogressivc dislocation is obtained, fusion of the upper part of the 
cervical portion of the spine should be performed If there is evidence 
of myelitis due to pressuie, laminectomy should be performed before 
the fusion 

Ticatmcnt and Ptoguosts tit Fiesh Dtslocafwii of the Shoiddei — 
Biebl,^^ fi om Bohlci’s clinic in Vienna, re\ie\vs 110 cases of dislocation 
of the shouldei fiom two to eight 3 'ears after injury Fortj'-seven per 
cent of the dislocations weie anteiior, 52 pei cent inferior and axillary 
and 1 per cent posteiior In the 60 patients with an axillary dislocation, 
36 had a fractuie of the greater tuberosity of the humerus and 7 showed 
paraij'sis In persons undet 42 years of age almost all dislocations were 
axillary Function was normal in 83 pei cent as a study of the end- 
results revealed The most seiious disturbances of function were found 
m persons over 40 yeais of age with an associated fractuie of the greater 
tuberosity Myositis ossificans was obsened only after axillary dis- 
locations The fracture of the gieater tubeiosity healed in fairly good 
anatomic position m almost ever}' case Severe paralyses continued in 
only 2 patients Habitual and lecurrent dislocations occurred only 
in the anterior type There iveie 3 recurient and 4 liabitual dislocations 
By early and satisfactory reposition and by long observation, the author 
concludes that in almost eveiy case, even the severe ones, one could be 
assured of a satisfactory cnd-iesult 

[Ed Note — Biebl’s gioup of axillaiy dislocations includes many 
that would be called anteiior dislocations in American nomenclature] 
Fiacttiics of the Radius — IMagnus,^^ generalizing on the treatment 
for fractures of the radius, repoits that in only 6 of 428 cases of 
fresh, typical fiactuies was open inteivention required A minimum 
of three weeks’ fixation was found indispensable Thereaftei, the splint 
IS removed daily for motion He remarks that the results in patients 
from country insurance gioups are inferior to those seen m the city 
hospital The paucity of loentgenographic studies and the lack of 
accurate reduction rvas outstanding in the former gioup 

Fiactuies of the Head and Neck of the Radius —At the Massa- 
chusetts General Hospital, Jones « found that open reduction of a 
fracture of the head of the radius was attended in general by poor 
lesults He concludes that open reduction and replacement should not 

43 Biebl, R Arch f Orth u Unfall-Chir 35 381, 1935 

44 Magnus, G Munchen med Wchnschr 82 1026, 1935 

45 Jones, S G New England T Med 212 914, 1935 
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TETANUS AND GAS G\NGRENE 

Analysis of One Hundred and Eighty-Fwc Cases of Tetanus — 
After reviewing the reports of all cases of tetanus previously observed 
at the New Orleans Charity Hospital, Boyce and McFetridge ana- 
lyzed an additional 185 cases observed there from Jan 1, 1930 to Oct 
31, 1934 They believe that in the average patient less than 50,000 units 
of antitoxin is inadequate while a dose of ovei 100,000 units is unneces- 
sary and wasteful Intramuscular injection alone gave a mortality of 
49 per cent, when it was combined with an intravenous injection a 
mortality of 61 per cent was observed, and when it was combined with 
the local route of administration, the mortahtj fell to 33 per cent, though 
only 9 patients received this treatment When mtraspinal theiapy was 
used the mortality was 66 per cent This finding and other evidence led 
the authors to believe that mtraspinal therapj should be discarded 
During the past two years 15 patients were given tn-bromethanol in 
amylene hydrate to control spasm The initial dose was from 80 to 
100 mg per kilogram of body weight, with succeeding smallei doses 
before the effects of the previous dose had passed Special attention 
was paid to functioning of the bowel and the bladder, to frequent 
aspiration of the secretion in the nasopharynx m deeply narcotized 
patients and to frequent changing of position to prevent hypostatic 
pneumonia In this small series of patients the mortality nas 23 per 
cent if the 2 patients who died six and twelve hours aftei admission aie 
omitted 

Treatment of Tetanus — From the analysis of 21 cases of tetanus 
Cole and Spooner suggest that the routine treatment foi persons with 
this condition should be the intravenous injection of 200,000 units of 
antitoxin as early as possible and that this injection should be followed, 
after an interval, by a thorough cleaning of the wound, wheie bacteria 
are still active The value of an adequate diet, of at least 2 000 caloiies 
per day, is emphasized The administration of tn-bromethanol in 
amylene hydrate to control the spasms is lecommended 

Gas Gang) one and Gas Infections — Ghormley,-® from a study of 33 
cases of gas infections at the Mayo Clinic, has ariived at certain con- 
clusions and emphasizes two important factors in diagnosis and treat- 
ment In this type of infection there are ti\o distinct clinical pictures 
which are dependent on two separate types of organism (1) Clostn- 
dium welchti or the gas bacillus, and (2) Clostridium oedematis-mahgni, 
or Vibrion septique Infection due to the lattei is the more serious as 
to recovery and does not present the tj’^pical picture of gas gangrene 

193i^ ^ AIcFetndge, E W New Orleans 6L S J 87 12, 

25 Cole, L , and Spooner, ETC Quart J Med 4 295, 1935 

-6 Ghormlei, R K J Bone &. Joint Surg 17 907, 1935 
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Fiacfuics of the Fciiiui at Bulk — Ryden reports 13 cases of 
fiacture of the fennn at bnth in which various methods of treatment 
weie used He found tliat reposition and maintenance of the reduced 
position of the fiagments were always difficult In many cases it was 
impossible and the fragments w-ere left unumted in extreme malposition 
Osseous union always occurred, and the malunion was eventually cor- 
lected b}' spontaneous lemolding in fiom a few months to a year 
aftei union occurred TJie children all learned to w^alk in the usual 
time Examination of 6 patients after a lapse of from nine to twenty 
vears i evealed that the end-result w'as excellent m 5, whereas marked 
curvatuie at the site of the fractuie was found m 1 A slight amount 
of shoitening of the leg was observed in several cases The author 
feels that the best method of treatment is extension in a portable plaster 
of pans bed, as recommended by Schanr 

F)actincs of the Patella — Campbell,"*® in a rather comprehensive 
paper, discusses the therapy of fractures of the patella Of 127 cases, 
74 weie instances of complete transveise fractures, 64 of the fractures 
were recent, and 10 w'ere unumted The various surgical procedures 
are mentioned The author stresses the importance of complete reduc- 
tion of the fragments and fixation by a circulai rustless steel wnre, 
transfixing prox-imal and distal tendon fibers Motion is advocated after 
the tenth day The wnre is removed later if necessary 

T) catments of Fiacfuics that Heal Slozvly ot Not at All — Konig**' 
found unnersall}' low* basal metabolism rates in 9 persons with delayed 
union and pseudarthroses He attributes delayed union to this cause 
He lists the rates of 7 of the patients as from a minus 9 to 20 and of 2 as 
minus 23 and minus 29 He found that on the administration of a thy- 
roglobuhn preparation the basal metabolism rose and the fractures 
healed 

Matti’s Pi occciui e of huplautatton of Substantia Spongwsa vi Coses 
of Fiacfiiic and Psritdai tin osis — Konig, ■ on the basis of observations 
on 4 cases, lecommends the method of Matti for pseudarthrosis 
Aftei the ends of the fractuied bone aie fieshened and the marrow 
cavity of the bone above and below' exposed, the bones ai e approximated, 
and spongy bone is packed firmly about the operative site The posterior 
fibrous attachments to the ends of the bone are not disturbed, accord- 
ing to the authoi The peiiosteum is closed over the mass Konig 

48 Ryden, A Surg, Gjiiec & Obst 60 109S, 1935 

49 Schanz, A Prakt Orthopaedic, Berlin, Julius Springer, 1948 

50 Campbell, W C South U J 28 401, 1935 

51 Konig, F klunchen med Wchnschr 82 86, 1935 

52 Konig, F Munchen med Wchnschr 82 860, 1935 

53 Matti Arch f orthop Chir 31 217, 1932 
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prostate These bones became infiltrated b)^ millions of metastases, 
which are smallei than miliary, many consisting of only a few cells at 
the time of the patient’s death Webei expresses the opinion that the 
growth of new bone is bi ought about b}^ the action of the prostatic 
epithelium, which piobably acts m the same way as transplanted epi- 
thelium of the uiinaiy bladdei oi uieter 

JIISCELLAXEObS 

Diagnosis of Loose Bodies in the Elbow Joint — Stiasny advises 
pneumography of the elbow joint as a means of \isuahzing free bodies 
and differentiating intra-ai ticular from extra-articulai bodies The 
puncture needle is inserted undei local anesthesia laterally and posterioily 
near the olecranon It is necessary to enter the joint with a single 
puncture, else the air or carbon dioxide injected thereafter may escape 
into the adjacent tissues 

Sfenosing Tenosynovitis — Soem repoits 8 cases of stenosmg teno- 
synovitis of the abductor and short extensor tendons of the thumb 
and gives an excellent summaiy of the pathologic picture and symptoms 
of the condition He is of the opinion that the condition is of traumatic 
origin and is best treated by open operation with division of the annular 
ligament and tendon sheath He considers conservative measures such 
as physical therapy and immobilization a waste of time in any but the 
mildest cases 

Staphylococcus Toxoid Clinical Tnal — Muira}'^®- suggests that the 
quantitive estimation of the staphylococcus antitoxin m the blood may 
be of diagnostic value m obscure conditions of tbe bone as he noted 
that while superficial staphylococcic infections influenced the quantity 
of antitoxin in the blood little if at all, staphylococcic infections of the 
bone increased it markedly The quantity of circulating antitoxin could 
be greatly increased by the injection of staphylococcus toxoid Four 
weekly injections of the toxoid, making a total of 0 75 cm , gave the 
maximum results The injections were accompanied by very few 
reactions 

ORTHOPEDIC OPERATIONS 

Ticatment of Acute Pniulent Aitlnitis by Washing and Closinc of 
the Joint Jones feels that there is a certain type of septic joint, i e , 
the intermediate, neither mild nor acute and fulminating, which responds 
well to the method of ashing the joint advocated by Cotton^* Eight 
cases are reported The method is to make an incision and thoroughly 

30 Stnsm, H Zentralbl f Cliir 62 1351, 1935 

31 Socur, R Re^ d’orthop 22 193, 1935 

32 Arurr^^, D S Lancet 1 303, 1935 

33 Tones, H T J Bone S. Joint Surg 17 559, 1935 
Lotton, r J Boston :M & S J 174 779, 1916 
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bone from cartilage He points out that llie latter is less retarded by 
disease and disturbances of the endocrine system The chief condition 
111 which retardation of bone growth took place is infection at or near the 
epiphyseal line (tuberculosis) , it is also caused by hypofuiiction of the 
pituitary gland, hypofuiiction of the gonads, hypofunction of the thy- 
roid gland and deficiency of the parathyroid glands Bone development 
is stimulated by Iiyperfunction of the anterior lobe of the pituitary gland 
and by pei larterial sympathectomy The method of bone repair is dis- 
cussed, and the various tlieories as to this procedure are dealt with 
Pheniister is of the opinion that presentation of the periosteum is impor- 
tant 111 attempting to establish bone repair, and also that venous stasis 
plays a part in hastening bony union after fracture Administration of 
calcium and phosphorus has not been sliown to hasten the healing of 
fractures Vitamin D has also been a disappointment as a factor in 
healing bone The nature of ossification was discussed 

Osteogenesis — In a careful study of osteogenesis in young dogs, 
Bisgard studied the repair of defects in the ribs at varying periods of 
time He concludes that the costal periosteum is either directly or 
indirectly osteogenic and that the osteogenesis appears to take place in 
the cambium layer If the periosteum was stripped of the cambium 
layer, it showed no osteogenic power 

He found that costal regeneration is limited by the periosteum and 
fails to take place if the periosteum is extirpated He points out that 
various factors influenced osteogenesis Among them are age, blood 
supply and the presence of a foreign body in intimate contact with the 
periosteum He also noticed that theimal cauterization and chemical 
and electrical coagulation either retajp or prevent osteogenesis 

59 Bisgard, J D Osteogenesis An Experimental Study, Arch Surg 30 
748 (May) 1935 


REPRINTS OF MacCOLLUM’S ARTICLE OBTAINABLE 

Requests addressed to Dr Donald W MacCollum of Boston for reprints of 
his article entitled “Clinical Study of the Spermatogenesis of Undescended 
Testicles ” which appeared m the August issue of the Archives of Surgery, were 
destroyed, through inadvertence, during his absence If those who wrote for 
reprints will address him again, at 81, Wimpole Street, London, W I , England, 
they will receive the pamphlet 
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although this must remain one of the most colossal operations in 
surgery, with organization of team-work and the perfection of trans- 
fusion anangements the mortality should be brought still lower An 
excellent description of the operation is given 

Opeiation foi Biniion — McBiide*“ reports an operative procedure 
for the treatment of bunion This method consists m exposure of the 
metataisal phalangeal joint through a 2 inch (5 cm ) incision beginning 
in the web between the hist and the second toe and extending posteriorly 
parallel to the tendon of the extensor hallucis longus muscle The 
conjoined tendon of the adductor hallucis and the flexor hallucis brevis 
muscle IS exposed on the medial aspect of the base of the phalanx and 
its insertion divided The external sesamoid bone is excised by sharp 
dissection, except when the operation is done on a person under 30 
years of age, m which case the bone is left intact The conjoined tendon 
IS transposed and reattached subperiosteally to the lateral aspect of the 
first metatarsal bone just behind the joint line The buisa and capsule 
are shortened sufficiently so that when they are resutured the toe is 
held in the corrected position The medial aspect of the head of the 
metatarsal bone is exposed, and the exostosis is removed with a thin 
osteotome, care being taken not to injure the inferior weight-bearing 
area or the cartilaginous surface of the joint The wound is closed in 
the usual fashion, the toes being held m the corrected position by short 
plaster boots Weight bearing is begun two weeks after operation with 
the toe held in the corrected position by means of adhesive tape for three 
or foul weeks after operation The author reviews 39 consecutive cases 
with excellent results, both from the point of view of the patient and 
from that of the surgeon Overcorrection of the deformity was obtained 
in 2 cases 

rRA.CTTjRES AND DISLOCATIONS 

Atlanto-Axial Dislocation Unassociatcd with Tiauma — An excellent 
review of the literature lelative to atlanto-axial dislocation unassociated 
i\ itli trauma is given by Hess,> Bronstein and Abelson with a discus- 
sion of the various conflicting opinions on the mechanism of the pro- 
duction of this lesion The authors add 2 more cases to the 22 previousl}' 
leported and discuss several factors 11111011 may explain the production 
of such a lesion 

Piogicssivc Atlanto-Axial Dislocation — ^Kahn and Yglesias^- 
point out that after fracture of the odontoid process progressne 

40 AtcBride, E D Co^ser^atl\e Operation for “Bunions,” J A A. 
105 1164 (Oct 12) 1935 

41 Hess, J H , Bronstein, I P, and Abelson, S Ivl Atlanto- Axial Dislo- 

cations, Am J Dis Child 49 1137 (Mai) 1935 

T ^ Vglesias, L Progressne Atlanto- Axial Dislocation, 

I ^ M A 105 348 (Aug 3) 193S 
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southern states have mentioned the greater resistance of Negroes in 
general to bullet wounds But, as aheady stated, the absence fioin such 
records as now remain of information as to the number of Negro patients 
who recovered ends any further discussion of this matter It is of inter- 
est, however, to know that tissues m the bodies of Negroes are more 
compactly knit togethei than those m the bodies of white persons and 
that m the postmortem examinations of the bodies of Negroes sharp 
knives are more quickly dulled 

STAGES IN’ Tirn DEVELOPMENT OF MODERN METHODS 
or TREATMENT 

A number of excellent accounts of the evolution of therapy of bullet 
wounds of the abdomen have been wiitten == 

There was a long period before the discover} of anesthetics and 
antiseptic methods during which suigical procedures weie inadequate 
But there were many far-sighted surgeons during that time, especially 
those with mihtar} experience, who recognized that an ideal treatment 
n ould consist in opening the abdomen and repairing the injuries Hamil- 
ton ^ carried this period back to statements made by Wiseman * in 1676, 
and the opinion of Wiseman was referred to in a later comment on the 
practice of treating gunshot wounds by surgical intervention ® But the 
subject was evidently not new then, as is apparent from the following 
quaint quotation by Otis ® of ad\ ice given by Jherome of Bruynswyke,^ 
who said m 1525 

Whan the guttcs is wounded ouertwhart or is m pecis, than it is dedly , % f it be 
lengthe woundjd, it maj be holpen If that the vounde of the belh is not grete 

2 (a) Otis, G A Injuries of the Abdomen, in Medical and Surgical His- 

tory of the War of the Rebellion, Washington, D C, Government Printing Office, 
1877, part 2, vol 2, chap 6, p 1 (b) Barnard, J H Des plaies de I’lntestin par 

amies a feu. These de Pans, no 263, Pans, A DaiT et Fils Aine, 1887, p 79 
(c) Nimier, H Sur la semeiologie et le traitement des coups de feu de I’abdomen 
par petits projectiles. Arch gen de med 21 207, 1888 (d) Verchere, F Des 
plaies de I’lntestm par armes a feu de petit calibre, Rev gen d sc med 32 297, 
1888 (e) Amat, C Essai critique et chnique sur le traitement des lesions 

traumatiques de I’abdomen par projectiles de petit calibre, Gaz med de Pans 
1 121, 1892 (/) Klemm, P Pathologic und Therapie der Schussverletzungen 

des Magens und Darms, Sammt khn Vortr no 142, 1896 (Chir no 39, p 321) 

3 Hamilton, J B Penetrating Pistol Shot Wound of Abdomen , Laparotomj , 
Suture of Intestine, Pelvic Hematoma, Recovery, JAMA 5 202 (Aug 22) 1885 

4 Wiseman, R Severall Chirurgicall Treatises, London, R Rojston, 1676 

5 Laparotomy in Gun-Shot Wounds of the Abdomen, editorial, JAMA 
12 54 (Jan 12) 1889 

7 Brunschwig, H The Noble Experyence of the Vertuous Handy Warke 
of Surgeri, practysjd and compyled by the moost experte mayster Therome 
Bruynswyke, London, Peter Treverus, 1525 
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be attempted except in cases of epiphyseal separation and occasional^ in 
a case of fracture of the neck of the radius Excision of a single small 
fragment which did not articulate with the ulna was attended by good 
results He concludes that m all cases of comminuted and displaced 
fiacture of the head and neck resection of the head should be perfoimed 
within the first two weeks after injury He points out that ossifying 
hematoma or myositis is a common complication He employs the 
posterior lateral approach for removal of the head of the radius and 
the anterior appioach for replacement of dislocations of the head of the 
radius 

Fiactures of the Neck of the Feimii — In an excellent papei, Bun- 
nelH® discusses the entire subject of fractuie of the neck of the femui, 
blood supply, physiology of healing and methods of fixation In con- 
clusion, he feels that internal fixation is desirable, by multiple pinning, 
the Smith-Petersen nail or the Albee bone graft Satisfactoiy reduc- 
tion must precede fixation Although the authoi prefers autogenous 
bone grafts, these m turn transfixed with smaller grafts, he believes 
that metal fixation is satisfactorj' if accuiately done To overcome 
or to facilitate blind nailing, he has devised an instrument with two 
sights Whatever mannei of fixation is used, weight beaimg must be 
postponed at least six months, until the head of the femur has recovered 
from the primary injury or lecalcified following the secondary changes 
seen so frequently 

In the study of monogiaphic proportions Pauwels ■*' consideis frac- 
tures of the femoral neck from the point of view of mechanics He 
divides these fiactures into thiee grades In the first giade are those 
in which the angle of fracture is not more than 30 degiees from the 
horizontal In the second grade are those in which the fiactuie lies 
between 30 and 50 degrees from the hoiizontal In the thud grade 
are those in which the fracture lies more than 50 degrees from the 
horizontal The author has studied these thiee groups m relation to 
muscle-pull and weight-thrust and the influence of these factois on 
healing Prognosis can be given according to the mechanical position 
of the fracture, not its position on the neck of the femur In tj'^pe 1, 
bony union usuallj^ follows almost anj' therapy In type 2, the prognosis 
must be guarded, in type 3, it is usuallj'- poor In type 2 more exact 
fixation of the fragments is indicated, and nail or screw fixation is 
often helpful For type 3 the fracture must be changed into a type 1 
fracture, for vhich the authoi advises the osteotomy of Weil, a sub- 
trochanteric wedge-osteotomy which later makes a more direct down- 
ward pressure on the femoral neck The author reports illustratne 
cases A careful analysis of the mechanics of the hip joint is given 

46 Bunnell, S California &. West liled 43 27, 1935 

47 Pauwels, E F Ztsclir f orthop Chir 63 1, 1935 
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have contended that this operation by Kinloch, performed seven months 
after the patient was shot, was done to repair a preternatural anus and 
was not a laparotomy 

The second period began with the demonstration that the abdomen 
may be opened widely with safety m order to search for and treat by 
surgical methods disease which it may contain The declaration by 
Sims in 1882, so often cited, that laparotomy for bullet wounds is as 
feasible as that for ovariotomy may have aided in making the procedure 
popular But it should be remembered that when endorsement of such 
measures began, in about 1885, abdominal section for a great variety 
of diseases, mainly those of the female pelvic organs, had been widely 
practiced for some time It had also been in vogue for the treatment 
of injuries of the abdominal organs due to causes other than firearms 
Morton credits Walter, a well trained German surgeon who came 
to America at the suggestion of the surgeon Dieffenbach, with having 
performed the first laparotomy for intra-abdominal injury The opera- 
tion, which was successful, was done at Pittsburgh m 1859 Walter 
said “Recovery from an injury of such a formidable character as rup- 
ture of the bladder witli extravasation of urine into the abdominal cavity 
has not, as far as we know, ever been obtained by the ordinary means 
of practice ” He insisted that his procedure was “not only legal but 
nnperatne ” When Morton made his first survey he found published 
or other information available about twenty laparotomies for stab 
wounds, nine for ruptured bladder and eight for lacerations of the boivel 
by blunt force In view of the progress in abdominal surgery which 
had been made, it seems surprising that prompt laparotomy for bullet 
wounds of the abdomen was not advocated earlier 

This second period was brief, perhaps a decade or two Ultimately 
a policy of prompt operation was fully sanctioned But this required 
time, and for a number of years disputes m medical societies were quite 
general Some surgeons were outspoken m expressing preference for 
noninterference, others were m favor of immediate laparotomy, and a 
third group advocated operation when certain symptoms appeared^® 
Amat enumerated twenty different meetings of the French society of 
surgery in Pans held from 1886 to 1891, at which these subjects were 

13 klorton, T S IC Abdominal Section for Traumatism, with Reports of 
Five Cases, J A M A S 225 (Feb 26) 1887 

14 Walter, AG A Case of Rupture of the Bladder Treated bv Abdominal 
Section, M S Reporter, Phila 7 153, 1861 

15 The surgical treatment of acute appendicitis underwent a similar eiolution 
before surgical intervention followed the diagnosis as a routine as is the case at 
present, and controversies now prevail as to when removal of the acutel> inflamed 
gallbladder is indicated 
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comments especially on the rapidity of callus formation in 3 of his cases 
The spongy bone is obtained readily from the greater trochanter of the 
femur in considerable quantities 

RESEARCH 

Mycotic Lesions in E\pci iincntal Animals — Sostegm®'* introduced 
several of the myces in saline suspension into the medullaiy canals in 
one senes on rabbits and into the joints m a second series Photo- 
micrographs are shown of the lesions Considerable discussion of the 
changes in the joints and bones is given, but no roentgenograms 

Sise of the Vans of Pohomychtts — From an analysis by means of 
fractional ultrafiltration of broth suspensions of the enlargements of 
spinal cords of monkeys d)nng of poliomyelitis, Elford, Galloway and 
Perdrau ®® conclude that the virus of acute poliomyelitis varies from 
8 to 12 millimicrons in diameter 

Anatomic Ohseivations of Senile Changes in the Shouldei — Keyes,®® 
from a study of 192 shoulders in cadavers from the dissecting room, 
found that the most common abnormality was a partial rupture of the 
supraspinatous tendon, otheis were hypei trophic changes of greater 
tuberosity, calcification of the supraspinatous tendon, adhesions in the 
subacromial bursa, eiosion of the floor of the subacromial bursa, fragility 
of the greater tuberosity and erosion of the articular surface of the 
head of the humerus These changes are ascribed to age and are con- 
sidered degeneiative rather than due to infection In eveiy case the 
biceps tendon was intact, and there were no complete ruptures of the 
supraspinatous tendon 

Riiptiae of Intel VC) tchal Disk in Expei imcntal Animals — Experi- 
mental rupture of the nucleus pulposus of rabbits performed by incision 
IS reported by Filippi At ten, twenty, foity, eighty and one hundred 
days the animals were killed, and the intervertebral disks were studied 
The fibrocartilage was not healed until forty days, and at this time pas- 
sive motion was limited At eighty and one hundred days the lesion in 
the fibrocartilage was healed, the area of the nucleus pulposus was 
replaced with quite elastic fibrocartilage and the passive motion of the 
joint was onl} slightly limited The nucleus pulposus did not regenerate 
at any time 

Bone Giozvth and Rcpaii — Phemistei ®® discusses the methods of 
bone growth by calcification in fibrous tissue and the de\elopment of 

‘54 Sostcgni, A Chir d org di moMinento 21 107 1935 

55 Elford, W J , Gnlloway, I A, and Perdrau, JR T Path &. Pact 
40 135, 1935 

56 Kc^es, EL J Bone & Joint Surg 17 953 1935 

5/ Fihppi, A Chir d org di mo\imento 21 1 1935 

58 Phemister, D B Ann Surg 102 261 1935 
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thirty-t\vo cases because MacCormac m the reprints of his oration added 
reports of two more laparotomies to that of the thirty he first collected 
To these Barker added reports of twenty-six 


Table 1 — Eaily Stahshcs 


\utUor Icar 

Jlorton, T S K Abdomlnn) Section for I8S7 
Trnunifttlsm, Proc Pliilndelphln Co 
Soc S n, 1SS3 (read before the 
Socletj Jnn SO, 1687), Abdominnl See 
tJon for Trnvmntl-^m nlth Reports of 
ri\o Ca'cs and Tables of AH Recorded 
Cases, M ^c^vs "JO 215, 3667, foot- 
note ll 
Pnmnrd 


VacCormac 'c 

Carson, J> B Injuries of tlie tbdomcn 
and Their Proper Trenfincnt, J A 
M A O 577 (^ov D) 3867 

Cliiiiuel, T De In condiilto il suivre 
dans Jes blessurcs par coup de feu dcs 
cn-vltfs vlBe6rnics, Conp franc de 
chlr Proc verb T 55, 3868 

Colcj <■!: 


Dalton, 11 C Gunshot Wound of the 
Stomach and lUer Treated by Xnpn 
rotomj and Suture of Visceral Wounds 
irlth Recovers, Ann Sun? S S3, 3888 

BnrXcr, I B J “ 

Morton, T S A Abdominal Section for 
Traumatism Pith Tables of Two Hun 
dred and Ttilrty Pour Cases, J A 
lU A 14 1 (Jan 4) 3800 

Koite 


Martin and Hare 

Coley W B The Treatment of Pene 
tratlnir Gunshot AAounds of the Abdo 
men, with an Analj sis of One Hundred 
and Sixty Pive Cases Treated by Lapa 
rotomy, Am J M Sc lOi 243, 3891 
Luhe Zur Behandlung durchbohrender 
Bauchivunden, Deutsche mil urztl 
Ztschr 21 147, 204 and 2 j3, 3892 


Conner 


Jfortailtj 

(Percent 

TotnWeaths age) 

22 17 77 2 


Comment 

38 of the 22 laparotomies 
were performed by Amer 
lean surgeons 


1887 

24 

IS 

75 0 

I/Bparotomies were per 
formed as follows In 
18S2, 2 in 1863, 1 in 
3SSS, 6, m ISSG, 12, 
in 1867, 3 

1667 

30 

22 

73 3 

Sforton's list of 22 is in 
eluded 

1867 

44 

30 

CS4 

MacCormac’s table is in 
eluded 

3668 

41 

29 

70 7 

AH but 3 cases listed in 
MacCormac’s table are 
meludcd In these 3 de- 
bridement operations 

were performed 

3SSS 

74 

44 

504 

Of patients having lapa 
rotomlea In the first 12 
hrs , 37 recovered and 
22 died 

3SSS 

C9 

41 

59 4 

MacCormac’s list is In 
eluded 

ISSS 

5S 

35 

603 

MacCormac’s list is In 
eluded 

3690 

110 

74 

67 2 

Sixty eight Amencnn sur 
geons operated on 94 
patients, 16 foreign sur 
geons operated on the 
remaining 16 

3890 

G4 

42 

C5C 

Korte docs not give a 
tabic, his material was 
derived mainly from 
American literature 
Several ‘ debridement" op 
erations are included 

1891 

ISO 

SC 

C6 2 

1891 

1G5 

111 

CTO 

This article includes a 
number of operations 
not mentioned in the 
literature 

1802 

152 

95 

02 5 

The mortality (63 deaths) 
for 92 patients whose 
laparotomies were per 
formed during' the first 

12 hrs was 57 4% 

1893 

18S 

12T 

67 5 

Pifty five American sur 
geons performed 174 lapa 
rotomies, there were 123 
deaths 


The title of Korte’s article intimates that his material ivas possibly 
derived from surgical experience in time of war, but it was obtained 
chiefly from Ameiican literature MacCormac^® said that gunshot 


22 There are onJy thirty in the translation into German of his oration (Samml 

khn Vortr no 316, 1888 [Chir no 99, p 3025]) T>„,,rb 

23 Korte, W Die Knegschirurgische Bedeutung und Behandlung der Hauen 

schusse, Berl khn Wchnschr 27 72, 1890 
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PEACE TIME BULLET WOUNDS OF THE ABDOMEN 
H\RRY A OBERHELMAN, MD 

A^D 

E R LE COUNT, MDf 

CHICAGO 


This study, begun a number of years ago,^ deals with the results of 
treatment in the Cook County Hospital, Chicago, of patients with bullet 
wounds of the abdomen (table 3) during the period from 1911 to 1924, 
when one of us (ERL) made postmortem examinations m the morgue 
of that hospital for the coroner of Cook County Although a decade 
has passed, it seems desirable to record these results The number of 
patients, 343, is large , opportunity is given to compare the surgical work 
done in the period covered with that performed in the same hospital 
ouring subsequent years, the number of recoveries may be contrasted 
with those attained m other places, and, finally, because the theme is 
“peace time wounds” sustained in civil life, additional information is 
made available for renewing the numerous differences between such 
wounds and uounds of the abdomen caused by missiles used in war 


Ihe 343 patients who form the basis of this report were among a 
total of 432,293 patients admitted to the Cook County Hospital during 
the period covered by this study — a ratio of 1 to 1,260 During the year 
1924 and during the period from 1911 to 1918, the only years available 
foi comparison in our study, the ratio of patients entering the Cook 
Count} Hospital with bullet wounds of the abdomen was 1 to 1,692, 
whereas during the fi\e 3 ears immediately following the World War, the 
ratio uas 1 to 882 This disregard for human life exhibited during 
tie} ears iinmediatel} follow mg the W'ar has been widely discussed 

Information as to the number of Negro patients in our series was 
oitaincd onh from the records of the number of patients (205) 'ivho 
died and w ere examined at autopse , this is not quite an adequate basis 
Irom which to draw conclusions Of the 205 patients, 149 were white 
were N egroes and 2 were Mexicans A number of surgeons m the 


T Dr R I c Count died on "’3 1935 
cx-un.n.n, Mmie o,^!hrd.n,c^^eSrdr ^ ^ Rukstinat assisted ,n 
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inowgh, than shall ye make it greater as I shall shewe you hereafter, than shall 
you take out proply the guttes, and sow it thereafter as it is needful with a 
skynners nedyll Jamencus, Theodoncus, Rogenus lay elder pjpes in the guttes 
under the seme, that the same rotte not Wilhelmus and some other, lay there 
m a part of a crjer of a throte goll of a beest, as the IV maysters sayth But 
Lanfrancus and Guido they thinke it not be profytable, for that nature is incljned 
to outdrawynge strange thjngjs, and thus yt helpt not therefore it was lajd, 
and It IS better that the guttes be sowjd, as afore is sayd, and that it be clensjd 
of the unclenes 

Presumably similar opinions prevailed with regard to abdominal wounds 
before the days of firearms 

Many of these earlier surgeons did enlarge the wounds due to fire- 
arms and repair injuries apparent de visit et de tactu Bainard men- 
tioned twelve surgeons, beginning with Lairey in 1779, who treated 
wounds of the bowel in this manner They did not perform laparotomies , 
abdomens were not opened freely and explored® Bainard omitted 
from his list of twelve surgeons the name of Newell of New Brunswick, 
N J, who told Sims® that he (Newell) had made “an incision 
inches above the crest of the ileum and removed a gun wad, composed 
of tow, paper, shot, a printer’s type, and a piece of a man’s vest — in 
all, sufficient to fill a tumbler half full ” Recovery followed This 
Newell did in 1847, the day after.the shooting His operation is included 
in MacCormac’s table as a laparotomy, but the date of its execution 
was erroneously given by MacCormac as 1882, the year in which Sims 
announced that Newell had told him Mention of Newell’s operation 
IS omitted from the list of laparotomies in the monograph by Martin 
and Hare New'ell’s patient had accidentally shot himself with a shot- 
gun Sims said “Dr Newell did, thirty-four years ago, what I now 
advise to be done in all cases of shot-wounds of the abdominal cavity ” 
This IS of interest solely with reference to who made the first laparotomy 
for bullet wounds Kinloch claimed he should be given the credit for 
this for an operation he performed on May 27, 1863 Others,^® however, 


8 III some of the tables on laparotomies published subsequently, a few of these 
debridement operations are wrongly included, notably tw'o by Baudens in 1830 

and 1831, respectneh, as stated bi Otis,2n (p 125) and hy A B 'Craham, (Gunshot 
Vounds of the Abdomen, Indiana M J 20 413, 1902), and one by Sevastopoulo 
as stated b> Reclus (Bull et mem Soc de chirurgiens de Pans 15 132, 1889) 

9 Sims, J Mmon Remarks on the Treatment of Gunshot-Wounds of the 
Aidonieii m Relation to Modern Peritoneal Surgen, Brit M J 1 184 1882 

10 Martin E, and Hare, H A The Surgical Treatment of Wounds and 
Obstruction of the Intestines, Philadelphia, W B Saunders Compam, 1891 

kinloch, R \ Pistol-Shot Wound of the Abdomen Treated b\ Laparotoms 
and Suturing the Intestines, Tr Am S A 5 183, 1887 

RcfcrentcTwoLd^ r On Gunshot Wounds of the Abdomen with Especial 
vctcrcncc to Wound> of the Intestines, Hew York Af J 50 449, 1889 
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del)ated Reclus, ^\ho headed the noninterventionists finall} in 1905 
announced his con\ersion to speedy laparotomy Nancrede asked the 
members present at the meeting of the American Surgical Association 
111 1887 to express an opinion on the question “Should laparotomj be 
done for penetrating gunshot wounds of the abdomen mvohing the 
viscera^” At the meeting of the New York State Medical Associa- 
tion in 1886 a symposium on shot wounds of the intestines i\as held, 
111 which a number of conspicuous American surgeons took part This 
second epoch was also characterized by the publication of tables listing 
reports of laparotomies for abdominal bullet wounds almost as fast as 
they were announced Table 1 shows the essential features of a number 
of such collections 

Comment on Table 1 — Morton claimed that the list of laparotomies 
published with his first article was the first collective summary made 
and that AlacCormac included it as an appendix to his oration In 
Barnard’s thesis, which appeared the same year, there are two tables 
All the tables put forth subsequently by different authors have as their 
nucleus the reports of laparotomies listed by MacCormac, supplemented 
bv otheis to complete the number made to date In a few reference 
to the more obvious operations for debridement are omitted 

The operation performed by Pirogoff found a place m several of 
these early compilations It was not included by Alorton in the table 
accompanying his first article By Barnard it was classified as a debnde- 
ment But the patient was lost sight of a few days after the operation, 
and whether he died or recovered was not learned Consequently, many 
who were interested m reporting the progress of events in tables which 
included Pirogofl’s operation as a laparotomy were required to calculate 
the mortality rate on one less than the actual number of cases listed m 
their tables A portion of the title of Barker’s article reads, “Con- 
tinuation from Sir William MacCormac’s List” , that list referred to 


16 In discussing n report b\ Smariaud (Double plaie penetrante de la grosse 
tuberositc de 1 estonne Plaie du foie par balle de reioher Interiention Guenson 
Bull et man Soc de chirurgiens de Pans 31 845, 1905) and referring to the 
inferior equipment of hospitals in France he said “Mais maintenant il n’en est 
plus de incinc et depuis quinze ans 3 c sms devenu inter% entionniste” ( but 

now IS different and in the last fifteen \ears I ha\e become an interventionist) 
^ ® Surg 5 455, 1887, J A M A 8 607 

(Ma\ 28) 188^ 


18 Tr \cw ^ork State MAS 93, 1887 Af News 49 601, 1886 
lO MacCorniac illnm The Annual Oration on Abdominal Section for the 
Treatment of Intra-Peritoneal In 3 u^^, Brit if T I 975 and 1031, 1887 

a r 1 der allgemeinen Kriegschirurgie I eipzig, F C tV 

Ton lint r^i ^ Role’ on Two Cases of Laparotomx for Penetrating 

r.iiiidiot Itoiind of the Vbdomcn Recoxerx m One. Brit M T 1 571, 1880 
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\\oimds of the intestine are “far from being rare in cimI practice, espe- 
aalh in America ^\here e-\er3one carries a re\oher and often uses it 
on small pro\ocation We have been unable to find man) references 
to bullet vounds of the abdomen in the Italian literature Apparentl), 
stabbing vas and has continued to be the more favored practice in Italy 
The introduction of the use of laparotomy for bullet vounds vas defi- 
nite!) an Amencan contribution to surger), notwithstanding the fact 
that the first reco\en from such an operation was reported by Kocher 
This practice was introduced more particular!) b) surgeons in the 
southern states where shooting was especial!) frequent among both white 
persons and Xegroes Brown=" said in 1898 “I ha\e no doubt but 
that there ha^e been se\eral hundred gunshot wounds of the abdomen, 
probabl) a thousand, in the last ten or tw eh e ) ears in Birmingham, Ala , 
and the surrounding districts ’ The Qiarit) Hospital in New- Orleans 
has been referred to as a laboratory for research on bullet wounds 
During a single decade from 1900 to 1910, more penetrating wounds 
of the abdomen stab wounds and bullet wounds were obsened there 
than were sustained b) the American forces in tlie entire Spanish- 
Amencan War Lona said that 1 299 patients w ith bullet w ounds 
of the abdomen were admitted in the )ears from 1900 to 1931 inclusne 
In 1925 a committee on gunshot wounds of the abdomen was appointed 
at the aforementioned hospital , Lona was secretary' and Matas, chair- 
man The habit of promptly performing laparotom) as a routine in cases 
of bullet yyound of the abdomen spread so rapid!) that frequently the 
operation was successful!) earned out under extremel) adyerse condi- 
tions e g m cabins of Xegroes m box cars, on plantations remote from 
cony eniences usually regarded as essential and yy ithout skilled help, etc 
An extensiy e dissertation could readih be yy ritten about this single phase 
of the development of abdominal surgery 

Conner-® found that 174 of the 188 laparotomies regarding whicli 
he yyas able to obtain information yyere performed b) fifty -fiye Amencan 


2-1 Kocher, T Schusswainde des Magens mit rasch eintretenden pentonitischen 
uiid Collap^er;cheI^l^^gea Laparotomie 3 Stunden nach der Verletzung, ilagen- 
naht^Heilmig Cor-BI f schweiz Aerzte 13 598 1893 
. G S_ m discussion on Grant H H The Practical IManagement 

Abdominal Viscera, Tr South Surg Gj-nec. A 11 50, 


Penetrating Wounds of the Abdomen, J Florida if 


26 Van Schaick H D 
A Id 33, 1927 

2/ Loria F L The Influence of Hemorrhage m Abdominal Gunshot Injuries, 
Ann Surg 9G 169, 1932 

'",7. IVoimds of the Abdomen, 

Gr.hM wr ^ J I Factors m Abdomimsl 

trunshot Wounds, ibid 83 393, 1930 

M r of Abdomen, 

Ss pTl n m T D C, Goyemment Printmg Ofnee. 

1 P 691, abstr, J .V M A 21 431 (Sept 16) 1893 
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surgeons and that 123 deaths resulted In the much, smaller group m 
Moiton s first collection, IS of the 22 operations were performed m this 
countr} Following- the successful operations by Kocher,-^ Bull and 
Hamilton ^ the expediency of pei forming laparotomies for bullet wounds 
of the abdomen was quickly recognized, and the practice was adopted in 
Ameiica The number of such operations soon became too laige to be 
recorded m tables, and the publication of such tables gradually ceased 
In the pieface to their monograph Martin and Hare wrote “We have 
collected and placed before the reader what we believe to be the fullest 
statistics yet collected upon gunshot wounds of the abdomen ” Their 
work was aivarded the Fiske Fund Prize on July 12, 1890 They did 
not state when their manuscript was finished 

Many authors have commented on the unreliability of the mortalit) 
rates contained in the earl)'- literature on laparotomies for bullet wounds 
of the abdomen This is based, of course, on the disposition to report 
only the successful operations In order to lessen this error, Conner 
obtained his figures from answers to a questionnaire sent to prominent 
American surgeons Replies came from seventy-three, of whom eighteen 
had never performed operations for bullet wounds of the abdomen He 
asked that the whole numbei of laparotomies performed by each surgeon 
as well as the number m which recor'-ery occurred be given 

Publication of the accomplishments of single surgeons or the experi- 
ences at particular hospitals marks the third peiiod in the recital of 
conspicuous stages of the development of modern methods of treatment 
of bullet wounds of the abdomen We are now in this epoch which is 
well along toward completion The evolution of any special improve- 
ment m surgery is apparently marked by similar features a time when 
the demand for a new operative treatment is a matter of common agree- 
ment but methods are still undevised , a period marked by announcements 
in “case reports” that the difficulties are overcome, collection and publi- 
cation in tables of successful operations of the type under consideration, 
the third period, alieady defined, ending when mortality rates are fairly 
stable and reports published by single surgeons of their results with large 
numbers of the new operation no longer command the attention they 
formerly received Table 2 deals with this third period 

DATA COMPARABLE WITH THOSE FROM THE COOK COUNTV HOSPITAL 

Cmmneiit on Table 2— Table 2 is based on what data we have been 
able to find m the literature suitable for comparison with the products 
of our examination of the records of the work done at the Cook County 

30 Bull, W T A Case of Gunshot Wound of the Intestines Treated Suc- 
cessfully by Laparotomy with Suture of the Intestines, M News 46 171, 1885 

31 The comment of Imbert (^tude du pronostic dans les laparotomies pour 
plaies penetrantes de I’abdomen, Cong franc de chir 20 259, 1907) is particu ar -v 
just and thoughtful 
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from 1897 to 1907 In the inauguial dissertation by Angeier=== theie 
are accounts of laparotomies performed in that clinic for bullet wounds 
on 4 patients in 1897 and on 1 m 1901 These cases are probably also 
reviewed in the article by Gebele and in that by Bestelmeyer or in both 
A similar statement applies to two cases in which treatment given at that 
chntc in 1901 and 1904 is described by Riester Observations in the 
St Louis City Hospital, recorded by Marks, Nietert and Brown, each 
of whom gave data for a diffeicnt period, presumably pertain to difterent 
patients, but Steckbauei, whose article appeared much later, failed to 
state \s hen he pei formed lapai otomies for bullet wounds of the abdomen 
on 26 patients m the aforementioned hospital Some of the 43 cases of 
laparotomy for such wounds mentioned by Besley and James are prob- 
abi} included in our senes They co\ercd all varieties of penetrating 
wounds of the abdomen, and those due to bullets received less considera- 
tion tiian those caused in otlier ways The leport of one of the patients 
cared for b} Straus is included in our series Richter mentioned 
the cases of 8 children with bullet w'ounds of the abdomen cared for 
in the Cook Countj Hospital Twm of these 8 cases are included m our 
series, in both recoier}’- occuried A third case m our series is included 
in the report by Levin,®' wdiose article is based on Richter’s material as 
w'ell as on additional observations made at both the Mount Sinai Hospital 
and the Cook County Hospital in Chicago The third child also recov- 
ered All 3 children had laparotomies Levin failed to state when 
the obsenations he reported weie made They probably concern a period 
subsequent to that coi^ered b}^ om series The reports from von Berg- 
mann’s clinic by Tantzscher, Biehm and Michelsson deal with patients 
cared for at that clinic from 1904 to 1908 The fourth report is by 
lankow'ski He, unfortunately, failed to indicate the mortality rate 
for bullet wmunds separately from that due to other causes Conse- 
cpiently his information cannot be included with that contained in the 
reports by Tantzscher, Brehm and Michelsson Michelsson’s study was 
limited to bullet wounds of the spleen as observed in the clinic at Riga, 
Latvia, during the period from 1890 to 1912 He found that 10 patients 
had been treated for such injuries, but only 6 of the 10 had undergone 
laparotomies Brehm had previously described the injuries in 1 of those 


33 Angea-er, T Ueber Stich- und Schussverletzungen des Magens, Atunich, 
Kastner & Calln>, 1903 

34 Riester, H Mdzevstirpation nach Schussverletzung, n urzburg, J 

Meixner, 1912 , 

35 Straus, D C Recent Gunshot Wounds of the Kidney with Report oi 

Four Cases, S Chn North America 2 635, 1922 „ c 

36 Richter, H M, in Abt, I A Pediatrics, Philadelphia, W B Saunders 

Company, 1924, vol 3, p 485 71 c ig28 

37 Levin, I M Abdominal Injuries in Children, Ann Surg 87 /1», 

38 Jankowski, J J Ueber penetnerende Stich- und 

Baucbes, Inaug Dissert, Riga, 1909 (Russisch), Centralbl f Chir 37 581, 
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wound with protiuding gangrenous loops of small bowel was found at 
the postmortem examination, the interval between the injury and the 
operation was seventeen hours, forty-three small perforations in the 
small bowel were repaired, death occurred two weeks after entrance 
to the hospital and resulted from peritonitis and sepsis with multiple 
small pulmonary embolic abscesses 

The mortality from shotgun wounds is high Many of the victims 
are shot at close range Bunch,« of Columbia, S C , had 7 patients 


Table 3 — T/:c Cook County Hos/ntal Series 


Sc\ 

^umbe^ 

Died 

Average 

Age 

dears) 

^ec^op 

fJCS 

Mortality 

(Percent 

age) 

Re- 

eovered 

Average 

Age 

(Years) 

Alale 

303 

199 

32 5 

1S4 

65 5 

104 

29 5 

Pern ale 

to 

23 

351 

21 

57 5 

17 

25 3 

Total 

' ■ ■' 

- 

■ ■ ' - 

— 

— - 




313 

222 

33 S 

203 

64 7 

121 

27 4 


Tabled — Data on Patients IVho Had Lapat otoniies 


St\ 

Xumber 

Died 

Average 

Age 

(Years) 

^ccrop 

stes 

Mortality 

(Percent 

age) 

Re 

covered 

Average 

Age 

(Yea«) 

Male 

2CS 

169 

319 

155 

62 6 

99 

25 9 

remalc 

33 

10 

34 3 

14 

48 5 

17 

29 3 



1 

.1 — 



— 




Total 

301 

183 

33 3 

1C9 

61 4 

116 

27 6 


Table 5 — Data on Patients Who Had no Lapat otomies 


Se\ 

Number 

Died 

Average 

Age 

(Years) 

Xecrop 

sies* 

Mortality 

(Percent 

age) 

Re- 

covered 

Average 

Age 

dears) 

Male 

35 

30 

32 0 

29 

B57 

5 

27 7 

Female 

7 

7 

347 

7 

100 0 

0 


Total 

42 

37 

33 7 

oG 

SSO 

5 

27 7 


• Tho one boclj not evainined after death nafi that of the only patient among toe 343 
■nith no operation and no nccrops> IG others had operations but no neeropsies The ii 
were remoted from the morgue by “orders from the Central Office” 


With such wounds in fifteen years , 2 recovered In 1 of these 2 the liver 
was the only viscus wounded In the other, every coil of bowel had 
many small perforations, and about twenty shot were free in the abdo- 
men Wilhs referred to 14 patients with shotgun wounds whom he 
saw at Rocky Mount, N C , 4 died and 3 recovered without operations, 
of the 7 who underwent laparotomies, 4 recovered He also mentioned 
that when repairing the wounds made by a bullet in another patient he 

41 Bunch, G H Shotgun Wounds of the Abdomen, Tr South S A 41 38, 

1928 

42 Wilhs, B C Penetrating Wounds of the Abdomen Reporting Si^ty-Three 
Cases Received from Pistol, Rifle and Shotgun Missiles, Ann Surg 96 161, 1932 
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Prey, D , and roster, J M Gunshot Wounds of tlio Abdomen, 22 0 72 7 Prom llio Deiucr General Hospital, Dcn\cr Piltccn of the 22 patients 

Ann Sure ')’> 20o, 1924 died lor tlioso l\ho recovered, the average Injury operation interval was 

1 S8 hrs , for those viho died it was 3 4 hrs 

Oberhelman and LeCount "01 1C9 Gl G 1 rom the Cook County Hospital, Chicago, from 1911 to 1924 One hundred 

nnd eighty sl\ patients died, 37 surgeons performed operations 
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tinctive features and that accounts of them should not be interwoven 
witli those of bullet wounds 

The oldest patient in our senes was a woman aged 70, the youngest, 
a bov aged 5 years , both recovered Undoubtedly many factors con- 
tributed to the fact that the average age of the 343 patients wounded 
by bullets uas 31 5 years The relative youthfulness is of great inteiest 
and rathei startling, but there is no justification for an attempt to discuss 
Its causes heie Its influence on the mortality rate, 647 per cent, is 
indubitable ’ 

Except foi loutine examination of the entire spinal cord, of the joints 
of the extremities and of the marrow of long bones, the postmortem 
examinations weie quite tliorough All the important structures of the 
neck, including the large blood vessels, were examined The parathj roid 
glands weie not examined as a routine 

Microscopic examinations were made of the important viscera, of 
places with obvious gross disease, of the brain, of the brain stem and 
of the uppei end of the spinal cord At the time of the necropsy the 
lemoved hi am was placed bottom uppermost m the skull cap and a dilute 
solution of foi maldeh^'de U S P (1 10) was run in the basilar and tn^o 
middle cerebral arteries, first in one artery and then m another, clips 
being placed on the two vessels not receiving the solution at the time 
The embalming was continued until the brain was firm The brain 
was then placed m a jar containing solution of formaldehyde U S P 
(1 10) foi a week or tW'O, then it vv'as sectioned and examined grossly, 
and after that pieces were taken for microscopic study 

With few exceptions such necropsies vv^ere made on the bodies of 
205 of the 222 patients who died Of the 17 unexammed bodies, 1 was 
that of a patient who had not been operated on, the remaining 16 
patients had undergone laparotomies Some of these 16 were persons 
for whose suicide theie was overwhelming evndence, the conditions in 
a few others were fully disclosed by the surgeons who also recovered 
the bullets But most of the 17 bodies were unexammed by "orders 
from the Central Office ” In other words, political or other influences 
prevented the necropsies The total number of necropsies mentioned 
in the contributions briefly summarized in table 2 is only 146, 
undoubtedly many more were actually performed 

The 205 necropsies in our series (tables 4 and 5) include 169 bodies 
of the 301 patients who had laparotomies and 36 of the 37 who died 
without such operations As far as could be ascertained clinically, most 
of the 42 patients who had no operations died of shock and hemorrhage 
For the 36 vvFose bodies were examined after death the following data 
are recorded 21 were moribund on entrance , the condition of 12 was 
poor, that of 2 vv^as fair, and that of 1 was good In this last patient a 
man aged 45, the entrance wound was a little below the right nipp e 
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Hospital We have arbitiaiily included m this table only such repot ts 
as are concerned with laparotomies for penetiatmg bullet wounds of 
the abdomen perfoinied on at least 10 patients by one or more surgeons 
in the same hospital or by one surgeon at different places Laparotomies 
for nonpenetrating bullet uoutids of the abdomen are not included 
Unless strictly intra-abdoininal stiuctures or viscera were also injured 
we have also aimed to exclude wounds of the hidneys, ureters and extra- 
peritoneal portions of the lectum and bladder Laparotomies foi wounds 
made by bullets passing through the abdomen and kidneys, ureters or 
large blood vessels are included even though intra-abdommal viscera 
escaped injury The facts presented by many writers we have been 
unable to use because they haie considered bullet wounds and stab 
wounds undiscriminatingly In some articles the statistics set forth in 
the text differed from those in the tables In order to maintain uniform- 
ity, we have been compelled to make new calculations for mortality rates 
because the writers included the deaths of patients who died without 
operations with those of patients who died after laparotomies Our 
study IS definitely one of mortahtj’' rates aftet laparotomies When an 
author reported additional experiences with bullet wounds of the abdo- 
men in one or more subsequent articles, as did Hagentorn, for example, 
these reports are given a single place in the table 

The observations of D Barrow and D W Barrow father and son, 
of Lexington, Ky , are considered together, notwithstanding the lapse 
of time between them and the presumably improved surgical methods 
The remarks apply to R Winslow and W Winslow of Baltimore The 
bullet wounds of the abdomen sustained during street noting in Leipzig 
and reported by Kleinschmidt are included in the table They may be 
regarded as borderline injuries midwa}^ between wounds sustained in 
peace time and those sustained in war, but they were not from shrapnel 
or other missiles the use of which is peculiar to war In many respects 
the wounds sustained in street fights, especially those from rifles, are like 
those sustained in war Street fights also occurred in Chicago during 
the race riots of July and August 1919, but only 1 victim of these 
riots with a bullet wound of the abdomen was received at the Cook 
County Hospital This was a white man who died without an operation 
It IS quite possible that overlapping occurs in the reports from some 
hospitals, different authors including accounts of the same patients For 
example, Gebele’s account is based on bullet wounds of the abdomen 
cared for in Angerer’s clinic in Munich from 1897 to 1902 and that 
of Bestelme yer deals with reports from the same clinic for the years 


32 Meixner, Karl Schussverletzungen durch Handfeuerwaffen, Arch f 

o/l92rTnd ^ ^ Medicolegal Studv of the Calcutta Riots 

1^27 Meixner, K, and Werkgartner, ^ 
Schussverletzungen im Strassenkampf, Beitr z genchtl Med 7 32 1928 
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Wounds of Single and Multiple and of Hollow and Solid Viscera 
Wounds with One oi Mo, e Bullets (Tables 6, 7, 8 and 9) -Patients with 
simple bullet penetration of the abdomen without visceral injury gener- 


Table 7 -Mortality Rate for Patients With a Single Wound and for Patients 
More than One Wound of a Single Visctis 


Single V ound 
— 1 


viscus 

Aum 

her 

Re 

cov 

erics Deaths 

Mor 

tallty 

(Per 

cent 

age) 

Stomach 

5 

5 

0 

00 

Small Intestine 

4 

1 

3 

85 0 

Colon 

5 

2 

3 

600 

Liter 

24 

21 

3 

12 5 

Urinary bladder 

1 

1 

0 

00 

KIdnej 

3 

3 

0 

00 

Blood v essels 

1 

0 

1 

1000 








Total 

-13 

3'’ 

30 

23 ^ 


Multiple Wounds 

A 


/—•— - 

Num 

her 

Be 

cov 

cries Deaths 

Mor 

tallty 

(Per 

cent 

age) 

1 Total 

Mor 

toilty 

Total (Per 

Lum cent 
her age) Comment 

10 

s 

2 

20 0 

25 

13 3 

37 

20 

17 

45 9 

41 

48 7 

12 

7 

5 

41 6 

17 

47 0 

4 

3 

1 

25 0 

28 

17 2 

2 

0 

o 

100 0 

3 

666 

0 

0 

0 

00 

3 

00 

0 

0 

0 

00 

1 

100 0 Mesenteric 

■ ■ 

_ 




artery 

C5 

”3 

27 

41 5 

lOS 

34 2 


Table 8 — Mortality Rate After Lapa, otonues for (a) Wounds of Hollow Viscera, 
(b) Wounds of Solid Viscera, (c) Wounds of Both Hollow and Solid 
Viscera and (d) Simple Penetrating Wounds Without Visceral Jnjtn r 


Organs 

Aumber 

Recoveries 

Deaths 

Mortality 

(Percentage) 

Hollow ilsccra 

170 

or 

103 

005 

Solid viscera 

36 

27 

9 

250 

Hollow and solid 

84 

IS 

71 

84 5 

Penetration of peritoneum onlv 

11 

9 

2 

181 





- 

■ .11 

Total 

SOI 

116 

1S5 

014 


Table 9 — Moitality Rates After Lapai otomies fat (a) Wounds with a Single 
Bullet and Cb) Wounds zvith More than One Bullet* 



Total 

Reeov 

erJes 

Deaths 

Mortality 

(Percent 

age) 

Patients with abdominal wounds from only one bullet 

2G2 

111 

151 

57 6 

Patients with abdominal wounds from more than one 
bullet 

U 

2 

12 

S5 7 

Patients with abdominal wounds from one bullet 
and thoracic wounds from a second bullet 

3 

0 

3 

100 0 

Patients with abdominal wounds from one bullet 
and wounds of the e\treraitles from other bullets 

22 

3 

1? 

969 

Total 

301 

116 

135 

614 


* One of 7 patients Trounded in the upper part of the abdomen with more 
recovered, I of 3 nounded in the lower part with more than 1 bullet 

In both parts died Only 1 of the IS with wounds of the abdomen and o iith 

rMovered, 2 of the 6 with wounds of the abdomen and lower extremlt es «coy«ed “ ’ivm 
bullet wounds of the abdomen and both upper and lower evtremities died There were 
wounds In 32 of the IIC who recovered and in 62 of the 185 who died 


ally recover, except when infections develop in the path of the bullet, 
only 2 of the 11 patients (table 8) with such wounds died, both of peri- 
tonitis Those with wounds of a single viscus (table 6) also usual y 
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6 patients, and Jankowski had described those in 3 The othei 2 cases 
were first mentioned in Michelsson’s article 

The common use m New Orleans of pistols and revolvers as weapons 
has led to more contributions fiom the Charity Hospital m that city than 
from any other single institution Five authors, Miles, Parkei, Craw- 
ford, Loiia and Miller, who worked m New Orleans, are mentioned in 
table 2 Duplication by these authors, however, is probably onh m 
the reviews of Loria and Miller, as they cover the same period fiom 
1925 to 1928 Fenner’s summary, however, includes stab and bullet 
wounds of the abdomen treated at the Charity Hospital during the 
period from 1892 to 1901 Presumably his contribution embraces obser- 
vations previously set forth by Miles m 1893 and by Parker in 1896 
It is quite likely that further search would disclose reports fiom single 
clinics or hospitals^" by several wwiteis so that other groups of 10 or 
more cases could be added to table 2 

The total number of patients \\ ith bullet w ounds of the abdomen with 
laparotomy collected from the literature in table 2 is 1,494, 789 of the 
patients died — a mortality rate of 52 8 per cent The contributions m 
this table are arranged chronologically Those published during the 
years covered by our series deal with 535 patients, of wdiom 300 died — 
a mortality rate of 56 per cent — as compared to 301 patients with 185 
deaths — a mortality rate of 61 4 per cent — in our series Concerning 
our own series rve present the following comments as \vell as tables 3 to 
18 In some of the tables there is o\erlapping, and this is explained m 
the footnotes to some of them for example, m the footnote to table 6 


COOK COUNTY HOSPITAL SERIES 


Genewl Constdeiations (Tables 3, 4 and 5 ) — ^The wounds were such 
as are usually produced by homicidal, suicidal and accidental shootings 
occurring m large cities None of the 343 patients was wounded with 
the kind of machine-guns now used by gangsters Strictly speaking, 
wounds due to the small lead pellets used in shotguns to shoot ducks 
and other wnld game ought not to be included with bullet wounds of 
the abdomen But following a practice set by other lyriters we have 
included the single shooting of this character with the other 342 occur- 
ring in the period covered by the series The case was that of a man 
aged 23, ivho was shot in a fight in a saloon A huge gaping laparotomy 


Fctiaer, E D Report of Six Cases of Penetrating Wounds of the 
Abdcmen Submitted to Abdominal Section with a Statistical Table of One Hundred 
and InfU-TA\o Cases Thus Operated on at the Charitj Hospital in New Orleans, 
La, Ann Surg 35 15, 1902 


40 Such a search welded the information regarding the 12 patients treated 

® c imc in Halle, Germam, reported bj different authors over 
scAenteen %ears (See the second item in table 2) 
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had wounds of two or moie vikera Of these, only 35 recovered, and 
147 died, this reveals an astounding mortality rate of 807 per' cent, 
as compared to that of 34 2 per cent for those with injuries to a single 
viscus Of 23 who had wounds of viscera and large blood vessels, 21 
died a mortality rate of 91 3 per cent The mortality rate was likewise 
high when the kidneys, pancreas and spleen were wounded together with 
othei organs 

Wounds of the Kidneys Of the 343, patients in our senes, 43 had 
bullet wounds of the right or left kidney , m no patient were there wounds 
of both kidneys In 29 patients the left and in 14 the right kidney was 
injured Operations were performed on 34 of the 43 patients, 10 of 
the 34 recovered and 24 died— a mortality rate of 70 6 per cent Billings 
and Walkhng in their series of^ 114 patients with bullet wounds of 
the abdomen treated by laparotomy had 10 with wounds of the kidney, 
3 recovered and 7 died — a mortality rate of 70 per cent Of the 24 
patients m our series who died after laparotomy, 19 were shot in front 
and 5 were shot from behind, 15 died of hemorrhage and shock, 8 of 
peritonitis and 1 of separation of the laparotomy wound Of the 10 
who recovered, 6 were shot in front and 4 from behind In 3 patients 
in \\hom the kidney alone was injured, the bullet traversed the abdomen 
These 3 recovered In 31 patients other viscera also were injured, the 
stomach was injured in 16 patients, the colon m 12, the liver in 10, the 
small bowel m 9, the pancreas in 3, the spleen in 2, and each lung and 
each adrenal gland in 1 patient, respectively 

Wounds of the kidney overlooked by the surgeon at the tune of 
operation were found subsequently at autopsy in 18 of the 24 patients 
who underwent operations In 4 of 7 patients who died and had under- 
gone operations, Billings and Walkling®^ found such overlooked wounds 
In the IS patients of our series, wounas of the left kidney were over- 
looked in 11 and wounds of the right kidney, m 7 Hemorrhage and 
shock accounted for death m 13 patients, generalized peritonitis caused 
death in 4, and separations of the laparotomy wound caused it in 1 The 
9 patients who -were not operated on died, and all had wounds of other 
viscera besides wounds of the kidneys, 4 were shot from behind and 
lived foi an average period of two and a half days, 5 who were shot 
m front lived for an aveiage period of three hours 

Wounds of the Pancreas There aie relatively few reports of cases 
dealing with peace time bullet wounds of the pancreas whether alone or 
associated with wounds of other viscera At the time he made his report 
Becker stated that his was the only case in the literature m Avhich the 
panel eas was the sole viscus injured Berendes attended a patient 

Berker A Isoherte Schussverletzung- des Pancreas, durch Operation 
gehedt. BeUr’z khn Ch.r 44 748,1904 

54 Berendes Pankreasschuss, Centralbl f Chir 38 163, 1911 
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found two bird shot in the liver and 1 in the gallbladder from a former 
shooting 

One of 4 patients with shotgun wounds reported on by Ewstifejewa^® 
recovered This patient had a generalized peritonitis when the laparot- 
omy was performed three days after the shooting Only a few per- 
forations of the small bowel were found The missiles m the cartridge 
were nails, and they had entered the lower part of the abdomen 

Most of the reports of shotgun wounds deal with single patients 
who recovered Pels-Leusden’s patient had a thoraco-abdominal 
wound, the omentum, transverse colon and food-distended stomach 
enteied the left pleural cavity through a huge lent m the diaphragm, 
and the spleen was in fragments Another lecovery reported by Waters 
was that of a boy, aged 15, who was shot at close range The stomach 
projected like a football earned under the left arm In this patient 
also the spleen was extremely torn 

The patients of Foisy and Cochez and Fieri were both shot in 
the back, reco^ery was protracted, and two or more operations were 
performed 

A man who attempted suicide by shooting himself m the left hypo- 
chondriac region with a shotgun and n as treated by Estes left the 
hospital after fift}-six days, having undergone removal of the left kidney 
Cannada,^® on the other hand, m recording the data on bullet wounds 
m 7 patients included the wounds made by small shot m a Negress, who 
died seven da}s after he had repaired thirty-eight perforations in the 
small bowel, colon, stomach and gallbladder 

The purpose of this discussion of shotgun wounds is to emphasize 
the statement that they deserve a separate place, that they possess dis- 

43 Ewstifejewa Verletzungen der Bauchhohle Zusammenstellung des 
Materials des Smolensker Gouvernements-Krankenhauses fur Jahre, 32 Falle, 
Russk \rach 12 402, 1913 

44 Pels-Leusden Milz und Zwerchiellverletzung, Verhandl d deutseb 
Gesellsch f Chir 33 95, 1904 

45 Waters, C H Gunshot Injury of the Thorax with Extrusion of the 
Entire Stomach and Laceration of the Spleen, J A M A. 73 1577 (Nov 15) 
1919 

46 Foisy, E Blessure de I’ampoule rectale et I’lntestin grele par coup de 
fusil de chasse Laparotomie, suture de la porforation de I’lntestm et exclusion du 
rectum Occlusion intestinale le 38“® jour par bride epiploique Section de la bride 
Fermeture ulterieure de I’anus iliaque, Guerison Bull et mem Soc de chirurgiens 
de Pans, 39 1410, 1913 

47 Cochez and Pieri (d’ Alger) , Plaie du duodenum par arme a feu , anus 
contra nature consecutif , gastro-enterostomie , guerison. Bull et mem Soc d 
chirurgiens de Pans 51 503, 1925 

48 Rslcs Case of Small Shot Wound of the Abdominal Cavity , Laceration 
of the Spleen, Mesocolon and Kidney, and Probably Laceration of the Stomach 
also, Recover\, Tr Am S A 17 257, 1899 

49 Cannada, J E Wounds of the Liver, Lancet-Clinic 57 449, 1906 
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died within five hours or less In the bodies of these 6 patients twenty- 
five wounds were found at autopsy, among others six wounds were m 
the liver, three each m the stomach, left kidney and aorta, and one each 
in the left lung, renal vein, splenic vein and inferior vena cava 

Wounds of the Spleen As for bullet wounds of the spleen, we wish 
solely to direct attention to their infrequent occurrence and to the high 
mortality rate incident on such wounds As regards the former, the 
small size of the spleen and its protected position are important factors 
The high mortality rate is due to the vascularity of the organ and to 
the fact that other closely adjacent important viscera are wounded also 
The collection by Schaefer m 1902 included both peace time and war 
time wounds in 71 patients, 20 of whom had laparotomies, 13 died and 
7 recovered — a mortality rate of 65 per cent Only 1 patient had a 
wound solely of the spleen With considerable duplication Girgolaw 
collected reports on 69 patients with bullet wounds of the spleen, he 
found only 2 with wounds solely of the spleen , 39 died — a mortality rate 
of 56 5 per cent In his long article, Guibe analyzed 108 reports from 
the literature on bullet wounds of the spleen Many of the cases are 
from military surgical practice In practically all the patients other 
organs were wounded in addition to the spleen Among the 112 patients 
with bullet \vounds of the abdomen, Lona found either at operation 
or at necropsy only 3 who had wounds of the spleen One in whom 
only the spleen was injured recovered, 2 with additional wounds of other 
viscera died No wounds of the spleen were found in the 58 patients 
with bullet wounds of the abdomen who underwent laparotomy studied 
by Wilhs « 

In our senes, only 19 patients had bullet wounds of the spleen, m 
these the wounds occurred in combination with wounds of other viscera , 
14 had laparotomies, and 5 had no operations Of the 14 operated on, 

1 recovered — a mortality rate of 92 8 per cent The 5 who were not 
operated on died Of those who underwent laparotomy, 11 were mori- 
bund on entrance to the hospital , only 3 were in fair condition The 
interval between the injury and the operation was four hours or less for 
10 patients, and for 4 others it was eight hours, seventeen hours, twenty- 
three hours, and forty-eight hours, respectively 

In the first twenty-four hours after operation, 10 of the 13 patients 
who died succumbed to hemorrhage and shock, 2 died on the table, 1 died 
two days after operation and was not examined post mortem, 2 died 

58 Schaefer, F Die offenen Milzwonden und die transpleurale Laparotomie, 
Beitr z klin Chir 3G 761, 1902 

59 Girgolaw, S S Zur Frage zu den Schusswunden der Milz, Vrach gaz 
nos 46 and 47, 1909, abstr, Zentralbl f Chir 7 255, 1910 

60 Guibe, M Les plaies de la rate par coup de feu, Clinique, Pans 
1912, Rev de gynec et de chir abd 18 491 and 583, 1912 
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and the bullet lodged subcutaneously at a snnilai distance below the left 
nipple Death occurred on the thirteenth day, and wounds were found 
in the ribs and liver , there were also a subphrenic abscess pleuritis and 
pericarditis Twenty-one of the 36 patients had one entrance vound, 11 
had tv o such v ounds, and 2 had three 1 hirty-three of the 36 lived, on 
an average, for six hours after entiance into the hospital Large blood 
vessels were found to be wounded in 17, in 7 of these the aorta was 
injured The wounds in 12 patients were thoraco-abdominal, that is to 
say, both abdominal and thoracic organs were shot by the same bullet 
In one patient a bullet passing through the scrotum made seven per- 
forations m a loop of small bowel there in a hernial sac The average 
number of organs injured m the 36 patients was three, in 1 patient a 

Table 6 — Moifahty Resulting fiom Bullet Wounds of the Abdomen Involving 
(a) Only One Viscus and (b) Tvoo oi Moic Fisccia-^ 


Wounds of single Viscera, Wounds 

of Large Blood Vessels Wounds of Two or More Viscera 

t - A 


Viscus 

Kumber 

Re 

coveries 

Deaths 

Mortalltj 

(Percent 

age) 

r 

Number 

Re 

coveries 

Deaths 

Mortality 

(Percent 

age) 

Stomach 

15 

13 

2 

13 3 

63 

13 

50 

79 3 

Small intestine 

41 

21 

20 

487 

100 

22 

78 

78 0 

Colon 

17 

9 

S 

47 0 

83 

14 

69 

831 

Liver 

28 

24 

4 

14 3 

o2 

7 

45 

86 5 

Urinary bladder 

3 

1 

2 

CCC 

15 

1 

14 

93 3 

Kidney 

O 

i> 

0 

00 

31 

7 

24 

77 4 

Blood V essels 

1 

0 

1 

lOOO 

23 

2 

21 

913 

Spleen 

0 

0 

0 

00 

14 

1 

IS 

928 

Pancreas 

0 

0 

0 

00 

13 

4 

9 

78 0 


* Of the SOI patients with laparotomies, 37 of the lOS with wounds of a single \iscus or of 
only large blood vessels died a raortalitj rate of 34 2% Of the 182 with wounds of 2 or more 
viscera fagain including large blood vessels ns viscera), 147 died— a mortality rate oi 80 7% 
Of 11 patients with unwounded viscera, 2 died bullets entered the abdomen in these 11 There 
IS o^erHpplng in the right hand part of the table For example, the G3 patients with wounds 
of the stomach and other viscera are counted again with the patients in whom the other 
Mscera were wounded 


huge hemoperitoneum w^as piesent, and a single abdominal organ was 
W'ounded On the whole, subsequent developments and observations 
justified the decisions that laparotomies on the 42 patients in this group 
should not be made 

Only two other reports deal with large numbers of patients One 
IS by Camaggio,'’'’ who discussed the treatment given at the Pellegrini 
Hospital m Naples to 177 patients wuth bullet wounds of the abdomen , 
the other is an account by Billings and Walkling of 114 cases in 
w'hich laparotomies were peifoimed at the Pennsylvania Hospital in 
Philadelphia (table 2) 

50 Camaggio, T Altre 50 laparotomie per lesioni Molente dell’abdome, Gior 
internaz d sc med Napoli 37 8, 1915 

^nn^ Walkling, A Penetrating Wounds of the A.bdomen, 

'Ann Surg 94 1018, 1931 
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ljuck shot would be propcily designated thoiaco-abdominal or abdomino- 
thoiacic wlien both parts of the trunk are wounded The wounds con- 
fined to the thorax and made b}^ one bullet and those made by a second 
shot filed into the abdomen are neither thoraco-abdominal nor abdomino- 
thoracic, they are bullet wounds of the thoiax and abdomen One 
essential of thoraco-abdominal or abdominothoracic wounds is that the 
diaphiagm is uounded This wound is sometimes so close to its 
attachment that the path of the bullet is mainl}^ in the inner part of 
the wall of the trunk 

Of the 31 patients who were operated on (table 10) 19 had thoraco- 
abdominal and 12 abdominothoracic wounds In the 12 patients who 
%\eie not operated on the wounds were thoraco-abdominal Of the 31 
patients who w'eic operated on 25 w'ere males The youngest patient in 
that group w'as a girl aged 17, the oldest, a man aged 68 The average 
age of the 31 patients was 33 3 'ears Only 1 of 20 patients whose con- 
dition was poor on entrance recoveied, of 6 w'ho entered m a fair 
condition, 2 recovered, as did 4 of the 5 wdiose condition on entrance w'as 
good Tw'o of those wdio underw'ent laparotomies died on the table, 9 died 
during tlie first twelve hours, tw'o died during the second twehe hours, 
and 4 died on the second day \Vh 3 ^ one patient lived five and another 
thiiteen da 3 S without undergoing laparotomy was not learned The 
patient who lived four da 3 's had an operation for the removal of a 
bullet from the left femoral arter 3 ' This is leferred to in another part 
of the article 

In view' of the high mortaht 3 ' it is pertinent to recall that Moor- 
head wdiile still an intern at the Cook Count 3 ' Hospital repaired the 
wounds in a 45 3 'ear old man wdio in attempting suicide so shot himself 
that the bullet, passing in above the left sixth rib in the nipple line, w'ent 
through the diaphragm at the upper part of the spleen, again through 
the diaphragm and through the lower edge of the left lung It then 
broke the left tenth rib and lodged against it The man recovered The 
operation w'as performed on Nov 28, 1891, soon after admission 
The shooting took place seventeen hours befoie entiance The surgeon, 

J B Murph 3 ,‘'- m his oration on “Suigery of the Lung” at the meeting 
of the Ameiican Medical Association in Dem'er in 1898 referred to the 
opportunit 3 ' the opeiation afiorded of observing the w'a 3 '' respiration 
affected the lung when the thoiax was opened 

A large part of the information about thoraco-abdominal wounds has 
come f 1 om experience gained during the World War At that time it 

61 Moorhead, E L Gunshot Wound of the Thorax and Spleen, Chicago 

62 Murplw, J B Surgerj of the Lungs, J A M A 31 151 (July ) 

logo 

63 Bowlbv, Voncken, J, Duval, P, and Jacob, Depage PIa.es thoraco- 
abdominales, Arch de med et pharm mil 69 341, 1918 
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recover, this is especially true if the injured organ is solid Of 108 
patients with wounds of a single viscus (table 6), 37 died — a mortality 
rate of 342 per cent, of the 31 who had injuries of a solid organ 4 died 
— a mortality rate of 12 9 per cent, and for the 76 who had injuries 
of a hollow VISCUS the mortality rate was 42 1 per cent 

Wounds of the Stomach In the 2 fatal cases of wounds limited to 
the stomach the interval between the injury and the operation was less 
than two hours , one patient died two hours after operation of hemor- 
rhage , the other died twenty-two hours after operation of infection with 
gas bacilli In cases of bullet wounds involving only the liver the mor- 
tality rate was also low , only 4 of 28 patients so shot died, all of com- 
plications The only patients in this group with exit wounds were the 
7 who recovered 

Wounds of the Intestine Theie is a gieat deal of evidence that 
bullet wounds affecting solely the colon are much more serious than 
wounds elsewhere in the gastro-intestmal tract This is not true in our 
series, but only 17 patients m our senes had such wounds The average 
number of perforations in the colon in the 8 patients who died was three , 
the highest number of such perforations in any one patient, nine These 
wounds were made by a bullet which traversed the trunk from side 
to side Vale ®- reported the occurrence of a similar path followed b\ 
a bullet in a patient in whom injury was confined to the mesentery 
The average number of perforations in the colon m the patients m our 
series who recovered was two and five-tenths perforations per patient 

The largest group with wounds exclusively of a single abdominal 
organ consisted of 41 patients with injuries of the small bowel or of 
the small bowel and its mesentery This is to be expected because of 
the relatively large space occupied by the small intestine The mortality 
rate, 48 7 per cent, is quite high, and death was usually due to peritonitis 
The average interval between the injury and the operation in the case 
of patients who died was foui and six-tenths hours , for the remainder 
it was three hours The number of perforations apparently fails to 
influence the outcome, for the average number of perfoiations per patient 
discharged was five and seven-tenths, for those who died the average 
number was five and thiee-tenths The largest number of perforations 
in any single patient was fifteen, and six of these were found after 
death Of patients who recovered, fourteen perforations was the highest 
number found in any one patient 

Wounds of Two or More Viscera The true giavity of bullet wounds 
0 tie abdomen is displayed when two or more viscera are injured 

rtli m Mounds are made by two or more bullets 

(, a- e ) Of the 301 patients in our series who had laparotomies, 182 

22 fssJltS ^ Abdomen, J Michigan M Soc 
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wounds were of the upper or lower part of the abdomen, the mortality 
rate, 57 1 per cent, was less for patients shot from behind The number 
of persons shot from one side is so small that the mortality rate has 
no significance Apparentl}^ many jDersons die when bullets pass across 
the lower part of the trunk, and more die from injuries caused by 
bullets passing from front to back and wounding the lower part of the 
abdomen than from similar injuiies of the upper part of the abdomen 
In the latter case the bullet passes through more solid viscera Of course, 
in cases in which there is an exit wound or recognized subcutaneous 
lodgment at the end of a path through the trunk, surgeons of experience 
make quite accurate surmises as to the organs injured Martin and 
Hare contended that bullets are deflected by soft tissues It is also 
possible that some paths are irregular because the bullets tumble end 
over end or because their force is about spent In the cases forming 
the basis of this report the weapons were usuallj’^ revolvers or pistols, 
not rifles, and consequently less than one third of the patients in our 
series had exit wounds Only 8 of the 50 patients in Goltman’s 
senes had exit wounds 

Lodgment of the bullet just beneath the skin after it has traversed 
the trunk implies that the dnving force was exhausted The toughness 
of the corium may also he recalled , from it leather is made Some other 
information pertinent to, but not included in, the table concerns exit 
wounds and their absence In 178 patients there were no wounds of 
exit, the mortality rate for that group was 59 1 per cent In 29 patients 
the bullets lodged subcutaneously, the body was practically traversed 
If these cases are added to the 94 in which exit wounds were present, 
the sum is 123, or 40 8 per cent of the 301 cases m which laparotomies 
were performed, for this group the mortality -was 642 pei cent It 
seems reasonable to conclude that the greater force required to send 
bullets on through the body, or even to subcutaneous lodgment opposite 
the \vound of entiance, causes more damage than less forceful shots 
Another noteworthy phase of these matters, of course, is the fact that 
bullets have been known to drop out of the clothing when the patient 
or dead body is undiessed Although the mortality rate from injuries 
caused by bullets w^hich traverse the trunk is higher by about 5 per cent 
than that from the other wounds, even this small difference has definite 
value because of the large number of patients concerned The paths 
of a few bullets were unusual 

One crossed the body from right to left, the entrance and exit wounds 
being symmetrical in the nipple lines just above the costal margins, and 
passed through both lobes of the liver A second patient had a wound 

64 Goltman, M One Year’s Experience (1916) with Gunshot Wounds of 
the Abdomen at the Memphis General Hospital, Surg, Gynec & Obst 2b zi/, 

1918 
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with a bullet wound limited to the pancieas and located at the junction 
of the middle and distal thirds In discussing this lepoit, Nordman 
related his expeiiences in opeiating on a woman foi an isolated wound 
of the pancreas two weeks aftei she had attempted suicide Guleke 
found reported in the hteiature only 31 cases of wounds of the pancieas , 
in 24 of these opeiation was peifoimed, 11 patients recovered and 
13 died 

In order to find any comprehensive investigation of bullet wounds 
confined to the pancreas one has to turn to the experiences i elated b} 
military smgeons of the Woild Wai The study of Wallace®® on 
965 patients who undeiwent laparotomy for wounds of the abdomen 
caused by missiles used in ivar disclosed that wounds of the pancreas 
alone were piesent in onlj 5 and that in 3 other visceia besides the 
pancreas w'ere rvounded Fraser and Drummond ®‘ in studying material 
from a similar source found one patient with an injury to the pancreas 
among 300 with wounds of the abdomen made by missiles used in w ar 

In oui series theie rvere 19 patients with bullet wounds of the 
pancreas, and in all these wounds occurred in combination with injurj 
of other organs, 15 died and 4 recovered — a mortality rate of 78 per 
cent Of the 19 patients, 13 had laparotomies , 4 recovered and 9 died — 
a mortality rate of 69 2 per cent The associated visceral injuries in 
these 13 patients were as follow's nine wmunds of the stomach, six 
wounds of the hvei, five wounds of the small bowel, three wmunds of 
the diaphragm and one wound of the inferior vena car a On admission, 
5 patients were in good condition 2 of these died, 1 lived for one and 
a half days and died of hemorrhage and another died of peritonitis aftei 
seven days Of 4 patients admitted in fair condition, 3 died, 1 dying 
on the operating table, another of hemorrhage serenteen hours after 
operation, and a third of peritonitis six days after the opeiation 
Of 4 patients who were moribund on admission, 3 died of shock and 
hemorrhage and 1 died of peritonitis three days after the opeiation In 
9 bodies sixteen wounds overlooked by the surgeon w^ere found at 
autopsy seven wmunds were m the pancreas, three were in the liver, 
twm were in the left kidney and there was one in the right kidney, 
stomach, small bowel, and common bile duct respectively Fat necrosis 
was noted in 4 of these bodies In the patients wdio recovered the stom- 
ac 1 w'as wounded three times, the small bowel two times and the liver 
and diaphragm each once 

The 6 patients wuth wounds of the pancreas wdio did not undergo 
aparotoiu) died All were monbund on admission to the hospital and 


55 Guleke Pankreassdiuss, Med Klin 10 131 1914 
Bnfj =““>“* "'o«nd, of ft. Abdom.n, 

AbdLLT,/ m"? ’GSTw’’ »' •>’. 
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undeuvent laparotomies and whose bodies were subjected to postmortem 
examination The belief that many of these patients were sei^erely 
injuied when the operations were performed and were suftering from 
hemoirhagc from shock or from both is supported b\ these figures In 
the 169 bodies (table 12) there were overlooked wounds in 94, m the 
lemaimng 75 no overlooked wounds were found 

One factor which plajmd a small but definite part in accounting for 
the number of bodies with overlooked wounds was the experience of 
the surgeons At the Cook County Hospital there have been two resi- 
dent surgeons for many jears Naturally, they were at hand for these 
emergency operations Together they performed laparotomies on 184 
patients with bullet wounds of the abdomen The mortality rate for 
that group was 57 6 per cent The mortality rate for 107 patients on 
\\ honi lapai otomies w ei e done b}”^ thirty-five other surgeons w'as 69 1 
per cent In 10 cases the name of the surgeon who performed the opera- 
tion was not recorded One of the thirty-five surgeons performed 
lapai atomies on 12 patients, another on 7, three on 6, five on 5, and so 
on down to the twelve ivho each performed a single laparotomy 

The influence of experience is also more directly shown by the 
presence of overlooked wounds in 54 4 per cent of the patients whose 
operations were performed by the two resident surgeons, whereas the 
thirty-five other surgeons overlooked wounds in 57 1 per cent of the 
patients The difference is small, but the large numbers concerned in 
the calculations compel some respect for the conclusions We do not 
pretend to know all the leasons for the presence in so many bodies of 
overlooked wounds Perhaps careful attention to such details in a 
similar study of the work of any other large urban hospital wmuld dis- 
close corresponding conditions There were undoubtedly some over- 
looked wounds m some of the patients who recovered The exit wound 
in the back wall of the stomach is not always repaiied, and after a time 
the bullet is removed fiom the soft tissues of the back 

The Intel val Between the Inpiiy and the Opeiation (Table U) — 
The importance of a short interval between the injury and the operation 
gained recognition simultaneously with the importance of laparatomy 
Surgeons soon leained that hemorrhage from a fair-sized blood vessel 
and peiitonitis fiom a leaking intestine accounted for most of the deaths 
and that both should be repaired as soon as possible In the earliest 
tables compiled by Morton,^^ CoIey,‘>“ MacCormac^ and others atten- 
tion was called to the value of a short interval between the injury and t le 
operation in lowering the mortality rate, and this was recently reempha- 

“ 65 Coley, W B Treatment of Penetrating Shot-Wounds of the Abdomen, 
Boston M & S J 119 373, 1888 
66 See table 1 
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of peritonitis three days and seven days after operation, respectively 
The bodies of 12 of the 13 patients who died were examined post mortem 
In 1 patient, one other viscus besides the spleen was injured , in 3, two 
others , in 7, three others, and in 1, four others, respectively, were injured, 
making a total of thirty-two wounds of the viscera in addition to the 
wounds of the spleen in the 12 patients There were eleven wounds of 
the diaphragm and thirty-two additional wounds of the viscera, as fol- 
lows of the stomach, ten , of the liver, seven , of the colon, five , of the 
small bowel, four, of the left lung, four, of the right lung, one, and 
of the left adrenal gland, one In 11 of the 12 bodies examined post 
mortem wounds overlooked or not mentioned by the surgeon were 
found as follows three m the spleen, five in the stomach, four m the 
liver, four in the left lung and one each in the small bowel, left kidney 
and left adrenal gland, making a total of nineteen overlooked wounds 
The 5 patients not operated on who had wounds of the spleen also 
had wounds of the thorax and are included m the group of patients with 
thoraco-abdominal wounds (table 10) 

Wounds Caused by a Single Bullet The small number of patients 
shot with more than one bullet is surprising, for a rapid succession of 
shots with modem firearms, such as the automatic pistol, may be exe- 
cuted with nearly the same ease as the firing of a single shot Willis *“ 
reported the occurrence of wounds from a single bullet in all but 8 of 
his 58 patients In our series, 262 of the 301 patients (table 9) who 
underwent operations had abdominal wounds made by one bullet only, 
of these, 151 died — a mortality rate of 57 6 per cent This added 
trauma to the abdomen by a second or third bullet is pronounced and 
highly fatal, as shown by the fact that the mortality rate for that group 
was 85 7 per cent There is a higher mortality rate, 96 9 per cent, for 
22 patients who had abdominal wounds from one bullet and wounds of 
the extremities by other shots The 3 patients with wounds of the 
abdomen made by one bullet and with injury of the thorax by a second 
died It is quite obvious that prompt operation and a minimum period 
of anesthesia are of little avail in cases in which such a multiplicity of 
wounds is present 

TJioiaco-Abdaimml and Ahdommothoi acic Wounds (Table 10) — 
Bullets entering the thorax and passing through the diaphragm into the 
abdomen or m a reverse direction, from the abdomen into the thorax, 
produce wounds usually referred to as thoraco-abdominal, although the 
latter are frequently termed abdominothoracic Both terms deserve a 
p ace because the injuries are likely to be more severe in the first seg- 
ment of the trunk wounded, the force of the bullet being somewhat 
expen e in the second Both terms refer to wounds made by a single 
missile, although the wounds of the thorax and abdomen and their vis- 
cera made by a single shot from a shotgun carrying either bird shot or 
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Postopei ative D7amage {Table 16) — The question whether lapa- 
rotomy wounds should be drained and the factors which decide this 
question have been and still are a subject of controversy among surgeons 
The contentions have concerned many conditions other than those due 
to bullets and have naturally centered about the presence or absence of 
a grossly evident inflammatory exudate on the peritoneum This subject 
of drainage is another detail regarding which the information we possess 


Table 14 — The Inteival between the Injury and the Operation 
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Rate and Dwaiwn of Anesthesia 
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Table 16 — Relation to the Moitahty of (a) Dtamage of the Lapai otomv 
Hound and (b) No Diainage 


Management 

Total 

Patients 

Eecovered 

Died 

Mortality 

(Percentage) 

With drainage 

lOS 

42 


66 

61 1 

Without drainage 

87 

38 


49 

56 3 

No information 
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70 
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Total 
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116 


185 

61 5 

IS of importance because the 

number of patients 

dealt with 

is larger 


than usual (table 16) The abdomen was closed with drainage more 
frequently when the bullet wounded more than a single viscus Of 108 
patients with wounds of only one viscus, drainage was resorted to for 
only 30 Twenty of the 30 had wounds of either the stomach or bowel , 
of 182 patients with wounds of two or more viscera the wounds were 
drained m only 58 Records of the presence or absence of peritonitis 
or of peritoneal contamination by foreign bodies, feces, etc , at the time 
of operation unfortunately are too few to be used in attempts to estimate 
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was learned that the wounds are usually on one side, that the size of the 
hole in the diaphiagin is of great importance, that hernia of abdominal 
viscera into the thorax occurs chiefly on the left side and that blood 

Table 10 — That aco-Abdownial and Abdoimnothoiacic Wounds m 43 Patients 
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Table 11 — The Influence on the Mortality Rate of the Place of Entrance of 
Bullets and the Direction of 7 hen Paths in Patients Who Had Laparotomies * 
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_ Among the 92 patients who died from front to back wounds of the upper part of the 
aDaoineii 5 "were shot in the ahdotnen "with 2 bullets, both bullets had a front to back course 
T One patient of the 24 who recovered from bullet wounds of the lower part of the abdomen 
sn°t in that region with 2 bullets passmg m from the front 
with 3bulSs^*^*°^''^ recovery oceurred in a patient in this group who was shot from behind 

7 patients who died from wounds of both the upper and the lower parts of 
the abdomen was shot with two bullets 


usually escapes from mtrathoracic wounds into the abdomen so that the 
lungs are not immobilized by hemothorax 

Paths of Bullets {Table 11) — Of the 301 patients who underwent 
laparotomies, 229 were shot in front, in 156 of these the wound tvas 
'^Pper part of the abdomen , in 66 it was in the lotver part, and 
a a bullet in each location — ^the mortality rates -were 59 per cent, 
per cent and 100 per cent, respectively Whether the internal 
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Of these 17 patients, 16 are included in the 169 who died after 
laparotomies and whose bodies were examined after death Eight of 
the 169 died of miscellaneous causes bronchopneumonia, spontaneous 
opening of the laparotomy wound and evisceration, ascending infection 
of the urinary organs, etc , as set forth m table 17 The patient with 
the subphrenic abscess was a woman shot with three bullets, one in 
each upper and one in the lower right abdominal quadrant , death occurred 
forty-four days after the patient was wounded The phlegmonous 
inflammation about the urinary bladder spread, and a generalized peri- 
tonitis resulted , there was an unrepaired exit wound, and death occurred 
fourteen days after entrance 

The pneumothorax followed wounds made by a bullet which entered 
the left lumbar region, passed through the twelfth thoracic vertebra, left 
lobe of the liver and diaphragm and lodged in the right seventh inter- 
costal tissues, 2 5 cm from the sternum , large hemorrhage m the dia- 
phragm and right perirenal tissues occurred, 430 Gm of blood was 
present in the right pleural cavity, and there was a huge pneumothorax 
compressing the right lung 

There was no acute peritonitis associated with the systemic infection 
due to gas bacilli Two laparotomy sponges were found in 1 body 
After most of the bloody fluid was squeezed out of them, one weighed 
28 and the other 83 Gm That patient’s death occurred six hours after 
operation , the left humerus had been broken by a second bullet , a seg- 
ment of the ileum was resected, and an unrepaired bullet hole of the 
sigmoid flexure was found after death 

This death is recorded under the heading of shock and hemorrhage 
in table 17 Under the heading of acute generalized peritonitis in that 
table are listed deaths of 2 other patients in whose bodies laparotomy 
sponges were found after death One patient died twenty-two hours, 
the other, one and a half days, after laparotomy The sponges in these 
bodies were of the same size, and after most of the fluid they contained 
had been expressed each sponge weighed 120 Gm The man who lived 
one and a half days had two segments of ileum resected, one 12 5 and 
the other 20 cm long The peritonitis was associated with infection 
due to gas bacilli In the other body hemoperitoneum from a bullet 
wound of the left external iliac vein was present, the wound was 
repaired Except m the last of the 3 patients, the sponges left in the 
abdomen probably played no part in bringing about death 

Another death from peritonitis occurred seven days after an opera- 
tion A loop of the small bowel 147 cm distal to the duodenojejunal 
junction was caught and sutured to the abdominal wall in closing the 
laparotomy wound The suture caught the loop opposite the mesenteric 
attachment In comments on table 12 some allusion is made to the 
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of entrance m the right posterior axillary line just above the ninth rib, 
wounds of the diaphragm and liver, and lodgment of the bullet m the 
scrotum Both patients recovered 

Ove) looked Wounds (Table — The term “overlooked wounds” 

has only relative precision, for it undoubtedly is applied here to some 
wounds which were noted by the surgeons but unmentioned in the 
hospital record The surgeons were not always present when the post- 
mortem examinations were made Many of the shootings were criminal, 
and the necropsies necessarily had a limited audience A pair of 
unrepaired bullet perforations of a loop of the small bowel found after 
death has a significance different from that of an overlooked grooving 

Table 12 — OveUoohed Wounds of the Diaphragm and Abdominal Viscera Found 

at the Postmoitem Examination, of Patients zvho Underwent Lapaiotomies 


a 

tH 

*E 

c 


Numter o£ bodies 
with ov erlooked 
wounds of one vis 
ous 2 

Number of bodies 
with overlooked 
wounds of more 
than one viscusf 13 
Total number of 
overlooked wounds 
of each viseus 15 



, - 


♦a 


o 


o 




o 

0 

o 


s 

o c> 

o 



^ 01 

o 


uB 


O 





13* 

10 

0 

6 

10 

6 

3 

11 

35 

22 

11 

18 


a 

•a 


•g “ 

t-1 03 


to 

c 

3 



5 4 3 3 

7 5 11 S 

12 9 14 11 


1 


9 


a 

o 

c 

St5 

O 3 

on 


^ <3 M 

g a-> cj 3: a 

-o -SS “5 -g 
030 k3 


10 1110 0 

6 1 2 3 3 2 1 

7 1 4 4 4 2 1 


1 in group of 13 there were also 2 laparotomy sponges 

t The figures in this row are overlapping Tor example i£ there were 10 bodies with over 
wounds of the colon and in the same bodies overlooked wounds of other viscera these 
10 bodies are counted in other places in this row A body with overlooked wounds in the colon 
ana small bowel has a place in the vertical volumns lor each viscus it is counted twice There 
were overlooked wounds of the colon in 23 bodies but in some bodies the wounds numbered 
altogether 33 wounds in 23 bodies The overlooked wounds numbered 
bodies there were overlooked wounds of a single viscus, and m 39 bodies 
tnero ATeiG OAGrlooked '\\oviiids of tT\o or more viscern 


perforating wound made by a bullet in the back wall of the colon close 
to the spleen This difference acquires greater significance when the 
pair of 111 and out unrepaired perforations made by a bullet in a loop 

of the small bowel are associated with many other repaired perforations 
in other loops 

One may not be surprised to find overlooked wounds when patients 
die on Ae operating table In the bodies of 11 of the 13 patients who 
died under such circumstances there were wounds unmentioned in the 
hospital records When some of the necropsies were made not all of 
the observations by the clinicians had been entered on the records accom- 
paiynng the body to the morgue In addition to the 13 patients who 
died on the operating table, 87 others died during the first tiventy-four 
ours after laparotomy, making a total of 100 of the 169 (table 4) who 
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was placed against the trunk, the exit wound for one of the two matched 
a third entrance Avound in the left side of the chest The bullet entering 
there broke the lower margin of the tenth rib, passed through the dia- 
phragm, spleen and left kidney and entered the aorta 

A few^ hours after the shooting the left leg became paralyzed, and 
severe pain occurred throughout the left foot The bullet was removed 
from the left femoral arter}^ by Dr Karl Meyer It had lodged near 
the groin and the peritoneal cavity was not entered in the process of 
removing the bullet Laparotom}' was not performed Gangrene of 
the left loAver extremity was folloAved by amputation of that extremity 
Death occurred four days after entrance At the necropsy 732 Gm 
of blood w'as found m the left pleural cavit) , onh’- 24 Gm was present 
in the abdomen The entrance ■wound m the aorta was 8 mm m diameter 
and had nT\ erted edges , it as located 4 mm cephalad to the mouth of 
the left renal arter}^ Just to the right of the mouth of the celiac axis 
the aorta bore a triangular tear 12 by 3 mm , with everted edges The 
periaortic fat there was intact There were no clots m or about the 
aortic wmunds In the periaortic fat from the seventh thoracic vertebra 
do'\\ n and about all the abdominal portion of the aorta there was a marked 
retroperitoneal hemorrhage That the patient lived four days with 
such wounds m the aorta w as as astounding as the migration path of the 
bullet 

Rubesch found accounts in medical literature of the migration of 
missiles m the heart and blood vessels m 16 persons, to these reports 
he added 1 In 4 patients migration was from the heart In one of 
these, his own patient, the bullet lodged m the right femoral artery, 
amputation was followed by recov^ery In 3 other patients the passage 
of the missile probabl) occurred post mortem Eleven patients who had 
no operations and 3 ivho had, all died , 4 recovered 

In our senes bullet wounds of the aorta were found after death in 
the bodies of 7 patients who had not undergone laparotom}’- and m 2 
of those w'ho had, these last died on the operating table, the 7 who 
had not undergone laparotomy died from fifteen minutes to one hour 
after entrance except the patient with the bullet lodged in the femoral 
alter)'’, who hv'ed four days Momm reported the occurrence of a 
death twent 3 '-sev'en days after the abdomen was wounded by a bullet 
which injured the liver and aorta On account of a massive hemorrhage 
m the abdomen the wound in the liver was packed Gangrene of the 
left leg developed, about a week before death an aneur)sm of the left 
femor^ artery m the groin w'as opened and the bullet was found between 

71 Rubesch R Ein Beitrag zur embohschen ^'erschIeppung von ProjeUilen, 
Beitr z kim Chir 60 394, 1912 

72 Momm Em Schuss durch Leber und Aorta, Tod nach Mcr Wochen infolge 
Sepsis, Deutsche med M'chnschr 36 2242, 1910 
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sized by Lewis ®' Of the 30 cases recorded in the table by MacCormac, 
for example, the average interval between the injury and the operation 
for patients recovering was eight hours and for those dying, twenty-one 
hours The same relationship obtains m many subsequent reports except 
that the interval for both those recovering and those dying has been 
shortened For the 17 of the 23 patients in Marks’ series who 
recovered the average interval was three and seven-tenths hours, and 
for those dying, five and six-tenths hours Prev and Foster reported 
even shorter periods for their 22 patients, one and eighty-eight hun- 
dredths hours for those recovering, and three and four-tenths hours for 
those dying 

For most of the patients in our series the interval was short Over 
77 per cent of the patients were operated on within three hours after 
injury and the mortality rate for that group was 60 per cent, for those 
who were operated on after three hours the mortality rate was 65 per 
cent The proximity to and availability of competent hospital and 


Table 13 — Moitality Rate, Condition on Admission and Lapat otoimes 



Condition 

Number 

Recovered 

Died 

Mortalitj 

(Percentage) 

Good 


C6 

46 

20 

30 3 

Fair 


123 

53 

6S 

55 3 

Poor 


112 

15 

07 

86 6 

Total 


301 

116 

185 

61 4 


surgical care in large cities usually provide a short interval between the 
injury and the operation Naturally, some long intervals are due to 
prolonged clinical observations 

Anesthesia — Apparently the influence of anesthesia is not evident 
unless It is prolonged (table 15) The high mortality rate for the 27 
patients anesthetized for thirty minutes or less was due to their critical 
condition Some died on the operating table soon after the operation 
was begun With few exceptions the anesthetic used was ether The 
average time of anesthesia for the patients who recovered was sevent} - 
one and six-tenths minutes , for those who died it was seventv-six 
minutes One patient who died had only a local anesthetic 


67 Lewis, Dean, m discussion on Levis, Dean, and Trimble, I Ridgewai 
subcutaneous Iniunes of the Abdomen, Ann Surg 98 685, 1933 

68 Marks H Penetrating Gun-Shot Wounds of the Abdomen, Tr M A 
Missouri, 1893 p 324, Gunshot Wounds of the Stomach, Laparotomy, Death. St 

12 iTa^d I 895 ”’ Wounds of the Abdomen, 

99 ?65,^1934 ^ ^ Gunshot Wounds of the Abdomen, Ann Surg 
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Thoraco-abdommal and abdominothoracic wounds are associated with 
a high mortality rate 

Overlooked wounds also play a large part in the mortality Unfor- 
tunately, however, their influence is malign and the study of their impor- 
tance has been neglected 

Patients who die of bullet wounds in the first twenty-four hours 
after injury die of hemorrhage and shock, when death occurs after 
twenty-four hours it is usually due to generalized peritonitis 

In only a few patients do the wounds require resection of viscera 
or parts of viscera 
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pital and the Cook County Hospital are shown graphically (fig 1) 
The number of cases before 1916 was high The sharp decline in the 
incidence began a yeai earlier in Minneapolis than in Chicago A study 
of the death rate in the registration area of the continental United 
States also gives the impression that the use of liquor is a factor in 
the production of the disease In figure 2 is shown the decrease in 
the number of deaths due to cirrhosis after state and federal prohibi- 
tion laws went into effect A graph based on the figures obtained from 
Stockholm, Sweden, is shown for comparison The great difference 



Fig 1 — Graphs showing the number of patients per ten thousand of the popu- 
lation discharged who had a condition diagnosed as cirrhosis of the liver from the 
Minneapolis General Hospital from 1916 to 1932 and from the Cook County Hos- 
pital from 1916 to 1920 

between the curve for Minnesota (largely rural) and those for such 
states as New York and California (largely urban) may be due to the 
infrequency of diagnosis in rural districts or to the greater frequency 
of the condition in the urban population Differences in diet, drinking 
habits and disease may be factors 

O’Malley stated that in certain classes of Orientals who never use 
alcohol but do use spices and other stimulating articles in their diet 
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part overlooked wounds ha^e m causing peiitonitis We believe that 
such wounds occuinng in the colon deserve a high place in an> con- 
sideration of the dangers resulting fiom ovei looked wounds 

We found in some records that the suigeons had mentioned the 
presence of feces in the abdomen or of foreign material such as cartridge 
wadding or fragments of cloth But such observations were seldom 
mentioned, and the absence of such soiling of the peritoneum was not 
included in the piotocols, from such souices the cause of the peritonitis 
remains unexplained The figure foi deaths resulting from peiitonitis 
(91) and those for death resulting from hemorrhage and shock (70) 
are only approximate (table 17) The surgeons and the pathologist 
noted that some bleeding had taken place from wounds of patients in 
whom peritonitis subsequent!} developed An added difficulty is the 
presence of overlooked wounds in about one half of these 161 bodies 
It IS impossible to assign each death to any single definite cause 

The most conclusive results were obtained in cases in which death 
was known to be due to hemorrhage It will be recalled that of the 
343 patients in our series, 42 had no operations, and that of these, 37 
died and only 1 was not examined at necropsy Natuially, deaths from 
bleeding would be legarded as the reason for failure to exploie the 
abdomen of these 42 patients and attempt repair of the w'ounds In the 
postmortem examinations of 36 of these 42 bodies, evidence of severe 
hemorrhage was found in 17 '® (table 18) Just hoiv man} of these 
patients would have recovered after laparotomy and ligation of the 
bleeding vessels is speculation, but Lewis stated that wdien it is a 
question of shock or hemorrhage he W’ould first control the hemor- 
rhage and then give a transfusion The aorta rvas rvounded in 7 the 
left common iliac artery in 3, the inferior vena cava in 2 and the left 
internal iliac vein, the left external ihac vein, the left femoral arter}, 
the right subclavian artery, the left renal vein, the splenic vein, and 
the heart each in 1 body 

Sixteen of the 17 patients arrived moribund, 10 were shot with one 
bullet, 6 with two, and 1 with three In the patient shot with three, 
all three bullets entered in front, causing wounds of the aorta, left renal 
rein and splenic vein as well as of the stomach, liver, pancreas and left 
S.I ney In the others (16) only one large blood vessel was rvounded 
in , in 1 the heart was injured Sixteen of the 17 patients Ined for 
an m erage of two and three-tenths hours after entrance , the seventeenth 
or our days This was a middle-aged man shot by his son there 
\ ere entrance and exit wounds in the upper part of the left arm, with 
bullet paths connecting the wounds for two bullets When the arm 


19 patients arp P 392, the causes of death for the remaining 

patients are renewed , 5 of the 42 who had no operation recovered 
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DIAGNOSIS 

The mam object of the study reported here was to show what 
results can be expected from the surgical treatment of cirrhosis of 
the liver In order to do this the literature on the subject was studied, 
and the records were reviewed of cases in the Minneapolis General 
Hospital and the University of Minnesota General Hospitals in which 
a diagnosis of cirrhosis had been made Several of the charts 
recorded the diagnosis of Banti’s disease or splenic anemia in addi- 
tion to that of cirrhosis 

Of the 241 cases listed as instances of cirrhosis of the liver, 5 were 
included instead with those of splenic anemia, and 64 were excluded 


Table 1 — Snmmaiy of Cases in Which the Diagnosis Was Ciithosis of the Liver* 


tsimiba 

Cases in which the diagnosis was cirrhosis 241 

Excluded to be classified as cases of splenic anemia 5 

Excluded after inspection of liver at autopsj 5 

Excluded after examination of microscopic sections 5 10 

Excluded because the diagnosis was questionable 64 

Total cases excluded 79 

Cases remaining for study 162 

Oases in which the probable diagnosis was cirrhosis though not verified at 
autopsy or by biopsy 78 

Cases m which the diagnosis was certain 84 

Verified at autopsy 67 

Verified at operation and by biopsy 17 

Diagnosis made clinically 49 

Diagnosis not made clinically 35 

Patients Lnown to be alive 3 

Patients Inown to bo dead SO 

Condition unknown 1 

Cases in which operation was performed 31 

Talma Morison (omentopexj, epiplopexy) 9 

Talma Morison and splenectomy 4 

Splenectomy 4 

Exploratory operation* 10 

Cholecystotomy* 1 

Cholccystogastrostomy* 1 

Cholecystoduodenostomy* 1 

Ventral herniotomj* 1 


♦ The diagnosis of cirrhosis of the liver nas not made until at operation or autopsj in 
most of these cases 

because the diagnosis was questionable owing to the presence of cardiac 
or renal disease, ulcers or congenital hemolytic icterus (table 1) That 
the symptoms in cases of cirrhosis may closely simulate those of these 
conditions will be seen from a study of the symptoms and findings given 
later Cases were therefore probably excluded which rightfully should 
not have been In 5 of 10 other cases which were excluded the clini- 
cal diagnosis was not confirmed on gross examination at autopsy, and 
5 in which the diagnosis based on the gross appearance at postmortem 
examination was cirrhosis were excluded after microscopic examina- 
tion by Dr J S McCartney of the department of pathology of the 
University of Minnesota He has recently completed a study of the 
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the aitery and vein where pulsation had so pounded the bullet against 
the arteiy that the wall was toin foi a length of 3 cm After death 
a hole 7 by 3 mm in diameter was found in the fiont wall of the aorta, 
12 5 cm above its bifurcation On the opposite side was a hole 6 mm 
in diameter through only the intima and media 

Without describing the entiance wound in the aorta, Krattei has 
registered migration in the aorta of a bullet to a stiaddlewise lodging 
at the aortic bifurcation, obstruction of the left common iliac aitery, 
gangrene of the left leg, amputation, death from uremia and ascending 
inflammation of the urinary organs in a woman who attempted suicide , 
laparotomy disclosed no visceial injury, death occurred two months 
after the shooting Brentaiio had a patient who lived for one week 
with two holes m the aorta where a 7 mm bullet had passed from left 
to right close to the mouth of the superioi mesenteric arteiy, its path 
being completely retroperitoneal The review by Perthes of the older 
literature includes 7 cases in which patients lived for from six to sixty 
days after sustaining bullet wounds of the aorta, one in which the patient 
lived for seven weeks and that of his own patient, who lived two hundred 
and ninety-five days 

CONCLUSIONS 

The introduction of laparotomy for bullet wounds of the abdomen 
is definitely an American contribution to surgery, paiticularly by sur- 
geons of the southern states 

Perhaps the most important element aiding the recovery of patients 
with bullet wounds of the abdomen is a short interval between the 
injury and the operation This was recognized many years ago, and 
the discovery initiated a mortality rate that has not been appreciably 
changed since It is common knowledge, however, that the publication 
of recoveries has met with more favor than that of deaths, whether 
the reports concern 1 or many patients 

The experience surgeons have had m dealing with this type of injury 
undoubtedly is a helpful factor 

Drainage after laparotomy for bullet wounds apparently IS unim- 
portant 

Bullet wounds of the abdomen m peace time occur especially m 
per^ns in the third decade of life m the period of youth and daring 
ullets entering the front of the abdomen cause more deaths than 

ose enteri ng the back , those entering the sides cause most deaths 

1906^ Seltene Schussverletzungen, Vrtljschr f genchtl Med 31 342, 

f Chif "33“2° ‘Je-- Aorta, Verhandlung d deutsch Gesellsch 

^ Schussverletzung der Arter.a pulmonahs und Aorta, Beitr 
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SEX AND AGE 

As can be seen from table 2, cases occurring in men predominate 
in the proportion of about 3 1 The average age for both sexes is 
49 5 The average age of the men is 50 5, and that of the women, 45 1 
In figure 3 is shown the number of patients for each five year period 
of life The disease is most common m the fourth and fifth decades 



Fig 3 — Graphs showing the distribution of cases according to age In this 
figure the values for patients with proved cirrhosis are shown by short dashes, 
those for patients with probable cirrhosis, by a line of dots and dashes, and those 
for all patients by a solid line 


SYMPTOMS 

Table 3 shows that the most common single complaint was that of 
abdominal distention (m 101 of 162 cases) It was usually due to 
ascites, but it may also be caused by an enlarged liver or spleen or by 
gaseous distention of the intestines 

In a study of 5,000 cases of ascites Cabot found that a correct 
diagnosis was made m only 39 per cent The following causes Avere 
given in the order of their frequency cardiac involvement, 1,397 cases. 





CIRRHOSIS OF THE LIVER 

WITH SPECIAL REFERENCE TO THE SURGICAL ASPECTS 
EARL CLIFFORD HENRIKSON, AID 

MINNEAPOLIS 

Laennec, in 1819, was the hist to describe adequately and to name 
portal cirrhosis Since his time hundreds of papers have been written, 
and many types of cirrhosis have been described The following 
classification used in this study is taken from Bell’s “Text-book of 
Pathology” 

1 Portal cirrhosis (Laennec’s cinhosis, atrophic cirrhosis, hobnail 
liver or gin-drinkers’ liver) 

2 Obstructive biliary cirrhosis 

3 Pigmentary cirrhosis (hemochromatosis , bronze diabetes) 

4 Syphilitic cirrhosis 

Before discussion of the treatment of cirrhosis of the liver, which 
for years has been directed mainly toward relief of the ascites asso- 
ciated with the condition, the etiology, diagnosis, symptoms, physical 
findings, postmortem observations and causes of death will be considerd 


ETIOLOGY 


The etiolog)f of cirrhosis is obscure The importance of alcohol as 
a factor becomes less and less convincing as the results of postmortem 
examination m large series of patients dying of alcoholism are studied 
There was a history of the use of alcohol to some extent in 50 per 
cent of the cases considered m this paper In many of the hospital 
records there is no indication whethei the patient was asked about the 
use of alcohol Many patients known to use liquor lefuse to admit it 
These facts are offset by the impression that an equally high percentage 
of patients with no cirrhosis will admit the use of alcohol Formad 
observed cirrhosis at only 6 of 250 autopsies performed on chronic 
runkards However, the marked decrease after 1916 in the number 
0 patients admitted to hospitals with a condition diagnosed as portal 
ciri losis would seem to prove some association To illustrate, the 
statistics co mpiled from the records of the Minneapolis General Hos- 
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peritonitis, in others One of the more likely theories is that which 
explains the ascites as due to the circulation of toxins which the liver 
IS unable to handle as a result of the great changes in it This theory 
IS favored by the presence of edema prior to the ascites These toxins 
are said to arise from both the gastro-intestinal tract and the spleen 
The latter organ may enlarge enormously and be responsible for as 
much as 50 per cent of the blood passing through the portal vein 
If one considers as most likely the theory that ascites is due to a 
combination of toxemia and portal obstruction, any operative pro- 
cedure should aim (1) to relieve portal obstruction, as by the establish- 
ment of a collateral circulation, (2) to aid the liver in dealing more 
satisfactorily with the toxins, as by lessening the portal congestion and 
increasing the arterial supply to the hepatic cells, thus allowing hyper- 


Table 3 — Freqitencv of Occurrence of Symptoms in 162 Cases of Cirrhosis 


Symptoms 

Proved 

Cirrhosis 

Probable 

Cirrhosis 

Proved and Prob 
able Cirrhosis 

Gastro intestinal 

65 

61 

126 

Abdominal pain or distress 

37 

44 

SI 

Nausea and vomiting 

23 

21 

44 

Constipation 

12 

18 

30 

Anorexia 

19 

19 

38 

Hematemesis 

20 

18 

38 

Bloody or tarry stoois 

16 

11 

27 

Diarrhea 

9 

9 

IS 

Olay colored stools 

4 

4 

8 

Abdominal distention 

4o 

56 

101 

Weakness 

so 

31 

61 

Loss of weight 

26 

SO 

56 

SweUmg of the feet 

27 

28 

55 

Dyspnea 

24 

SO 

54 

Nocturia 

22 

26 

IS 

Jaundice 

26 

21 

47 

Cough 

9 

12 

21 


plasia to take place, and (3) to remove the source of toxins when 
possible If the spleen really is such a source, splenectomy would be 
of benefit, not alone because a source of toxins is eliminated but because 
the portal trunk is relieved of from 20 to 50 per cent of its venous 
blood supply 

Gastro-mtestinal symptoms, present in 126 of 162 cases, may all 
be more or less dependent on the stasis in the portal vein Hematemesis 
(present in 38 of 162 cases) may be due to (1) ulceration and rupture 
of dilated vessels at the lower end of the esophagus, (2) erosions and 
necrosis of the mucosa as a result of infective processes or (3) con- 
gestion of the gastric mucosa In a study of 411 cases of gastro- 
intestinal hemorrhage Rivers, at the Mayo Clinic, determined that in 
90 per cent the hemorrhage was due to intrinsic gastroduodenal lesions, 
such as peptic ulcer (in 78 per cent) and carcinoma of the stomach (in 
7 8 per cent) Extrinsic lesions, such as cirrhosis of the liver (in 2 8 
per cent) and splenic anemia (m 2 8 per cent) were responsible for 
the hemorrhage in 10 per cent of the cases In respect to the two con- 
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cnrhosis of the liver is common This obseivatioii adds weight to the 
theory that the disease may have a gasti o-mtestinal origin One such 
hypothesis is that portal cirrhosis is caused by toxins oi toxm-producmg 
agents brought to the liver by the portal system and that if these toxins 
are carried hy the arteries the disease may lesemble the biliary types 
Italian pathologists incline to the opinion that toxins aiising in the 
spleen induce the disorder Othei foreign investigators believe that 
malaria is a factor, but few, if any Americans accept the malarial 
variety Cirrhosis has been produced experimentally in animals by 
chloroform or a similar agent combined with bacterial infection and 
also by repeated injections of egg white or othei protein to produce 



Fig 2 — Graph showing the death rate due to cirrhosis of the liver per hundred 
thousand of the estimated population of the registration area of the United States 
from 1910 to 1930 The other graphs indicate that the diagnosis is made much 
more frequently in California and New York than in Minnesota A graph con- 
structed from the statistics obtained from Stockholm, Sweden, shows the same 
general trend as those for the three states selected as samples 

anaphylactic shock Arsenic and copper are often accused Haid 
Iiqiiois are said to be moie likely than wine and beer to cause the con- 
dition It would be interesting to know definitely whethei there is any 
relationship to the use of alcoholic drinks before or after meals and 
wiether the liver protected by the previous ingestion of carbohydrates 
IS as readily injured as one not so protected The coexistence of 
cirriosis and diabetes, as in cases of bronze diabetes, at first thought 
seems to indicate that carbohydiates are of no value However, m such 
cases la etes may be superimposed on cirrhosis already well under way, 
le same process may involve not only the liver and spleen but the 
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Weakness (in 61 of 162 cases), dj'spnea (in 54 of 162 cases), 
debility, palpitation and irregularities of menstruation may be explained 
on the basis of anemia and less often on that of cardiac involvement 
Loss of weight (m 56 of 162 cases) may be dependent on the gastro- 
intestinal symptoms, but Hollins, who expressed the belief that Bacillus 
coll is the cause of splenic anemia (Adami suggested it as a cause of 
hepatic cirrhosis), considered the wasting to be a result of the effect 
of toxins on the central nervous system He stated that there is vaso- 
motor paresis of the splanchnic area Hebetude, nervousness, restless- 
ness and insomnia, which were rare m this series, are attributed to 
toxemia due to a poorl}'^ functioning liver 


Table 4 — Frequency of Occun cncc of Physical Findings in 162 Cases of Ciirhosis 



Proved 

Cirrhosis 

Probable 

Cirrhosis 

Pro\ ed and Prob 
able Cirrhosis 

Abdominal distention 

65 

56 

121 

Ascites 

57 

52 

109 

Palpable In er 

53 

IS 

101 

Cardiac murmur 

39 

40 

79 

Edema 

3S 

33 

71 

Jaundice 

22 

32 

54 

Abdominal ranees 

21 

27 

4S 

Palpable spleen 

23 

li 

47 

Enlarged heart 

29 

17 

46 

Hernia 

14 

12 

26 

Dyspnea 

13 

10 

23 

Cj anosis 

16 

7 

23 

Hemorrhoids 

5 

6 

11 

Blood pressure average 

118 systolic, 

73 diastolic 

123 systolic, 
75 diastolic 

120 systolic 

74 diastolic 

Systolic, above 110 

9 of 70 

11 of 57 

20 of 127 

Systolic belotr 120 

40 of 70 

21 of 57 

61 of 127 


PHYSICAL FINDINGS 

The most common physical finding is ascites (observed in 121 of 
the 162 cases, table 4) This condition has already been considered 
m detail A palpable liver, present m 101 cases, was the next most 
frequent finding Some investigators consider hypertrophy of the liver 
as merely one stage of cirrhosis, while others differentiate the atrophic 
and the hypertrophic type A palpable spleen was found in 47 of the 
162 cases The enlargement may be due to obstruction of the hepatic 
and portal circulation or to the fact that the spleen is equally involved 
by the process producing the disease picture The symptom complex 
known as Banti’s disease may represent one extreme of a pathologic 
process which at one time affects the liver more severely and at another 
the spleen 

Cardiac murmur, which occurred in a large number (79) of the 
162 cases m this series, edema (in 71), cardiac enlargement (m 46) 
and cyanosis (m 23) may serve to confuse the diagnosis of cirrhosis 
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micioscopic sections of the liver in about 300 cases of cinhosis, talven 
from the autops}^ material of that department He examined the sec- 
tions available m the series of cases consideied in this paper Seventy- 
eight of the 162 lemaming cases were classified as instances of piobable 
cirrhosis While the symptoms and physical findings in these cases 
were typical, the liver was not examined, eithei grossly or microscopi- 
cally, to confirm the diagnosis In 84 cases the diagnosis of cirrhosis 
was verified In 67 of the latter cases the diagnosis was veiified by a 
study of autopsy mateiial and in 17 by examination oi biopsy at opera- 
tion In only 3 of the 84 pio\ed cases are the patients known to be 
alive , the condition of 1 patient is unknown, and the rest are dead 
An examination of table 2 shows that of the group of proved cases 
64 ivere classed as instances of portal cinhosis, 7, of the obstructive 


Table 2 — Disti tbuitou of Cases of Cm hosts 



P^o^ cd 

Probable 

Pro\ cd and Prob 


Cirrhosis 

Cirrhosis 

able Cirrhosis 

Number of cnsc' 

84 

7S 

102 

Tstios of einho':!' (bn'cd on clinical dInLnoeIc) 

Portal 

C4 

4S 

112 

Biliary (obstructi\e) 

7 

3 

10 

Syphilitic 

7 

S 

13 

Undefined 

c 

19 

23 

Se\ 

Men 

Cl 

03 

124 

Women 

23 

13 

3S 

Average age, jears 

47 7 

521 

49 5 

Men 

40 2 

Ol 9 

505 

Women 

40 9 

52 7 

451 


biliary type, and 7, of the syphilitic type, wdnle in 6 instances the diag- 
nosis of cirrhosis ivas unqualified The distribution according to these 
types Avas 48, 3, 8 and 19, respectively, for the group of piobable or 
clinical cases In 49 of the 84 proved cases the diagnosis ivas made 
clinically 

The diagnosis of cirrhosis of the liver is not always easil}'^ made, 
and m a few cases, as has just been mentioned, even gross examina- 
tion of the liver may be misleading Without question, many cases are 
reported in the literature as instances of cirrhosis in wdiich the diag- 
nosis would not be confirmed if sections of the liver were examined 
microscopically If results obtained \vith the various types of treat- 
ment are to be compared to determine W'hich method is the best, only 
cases proved to be instances of cirrhosis at autopsy or by biopsy should 
e included m the study From the tables included m this paper a com- 
parison can be made between the proved and the probable cases The 
la^jiiosis in all cases in which it was not verified by autopsy or biops)'^ 

ase on the symptoms, physical and laboratory findings and apparent 
cause of death 
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the count m the probable cases being 6,060 and that in the proved cases, 
6,380 The count was below 7,000 in 65 of 113 cases (57 per cent) 

The urea nitrogen content of the blood averaged 19 4 mg foi 23 
probable cases and 25 4 mg for 35 proved cases The average for 58 
cases of the two groups in which it was determined was 23 mg In 16 
cases in which an operation was performed the urea nitrogen content 
ranged from 2 4 to 101 mg (table 5) The patient vith a content of 
24 mg died on the second day after an operation for a ventral hernia 
The patient with the reading of 101 mg had had a value of 35 mg 
a short time previously She died about one and one-half 3 ^ears after a 
Talma-Morison procedure 

Tests of hepatic function were performed in onty a small percentage 
of the cases m this series The pheno-tetra-chlorphthalem test was 
usually emplo 3 ’’ed, and m 16 of 19 tests impaired function was demon- 
strated Rowntree found some degree of retention of bromsulphalein 
in 80 of 87 patients in his senes of 112 Barker expressed the belief 
that the rose bengal test is the best The normal person retains 50 per 
cent of this d 3 '^e for the first eight minutes and 25 per cent for sixteen 
minutes, while the person with cirrhosis retains from 65 to 85 per cent 
for eight minutes and from 40 to 75 per cent for sixteen minutes 

The results of Wassermann tests of the blood, urinalyses, Ewald 
tests, fractional determinations and analyses of the stools are shown in 
table 5 

The ascitic fluid m a typical case of cirrhosis is clear and yellowish 
or greenish and may have a specific gravity as high as 1015, it con- 
tains as much as 0 4 per cent albumin More albumin is present in 
cases of cirrhosis than in those of renal ascites and less than in those 
of cardiac and tuberculous ascites In the latter condition the specific 
gravity is about 1 020 , the fluid is turbid, and the predominating cell 
type IS the lymphocyte In cirrhosis the endothelial cell predominates 
The presence of polymorphonuclear leukoc 3 "tes indicates peritonitis 

OBSERVATIONS AT AUTOPSY 

Autopsy was performed on 67 of the patients m this series The 
spleen was removed at operation in 8 cases The data were incomplete 
in a few instances The average weight of 61 livers was 1,760 Gm 
(A liver weighing 525 Gm from a child 8 3 ’^ears old and another weigh- 
ing 625 Gm from a child 1 year old are not included ) The usual 
normal limits for the weight of the liver of an adult ranged from 
1,300 to 1,800 Gm The largest liver in this series weighed 3,200 Gm 
Four weighed more than 3,000 Gm Twenty-one weighed more than 
2,000 Gm The smallest liver weighed 550 Gm , 26 weighed less than 
1,500 Gm , and 9 less than 1,000 Gm 
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lenal damage, 665, cm hosts, 325, tubeiculous peiitonitis, 263, ovarian 
and uterine tuinois, 118, abdominal carcinoma, 109, and intestinal 
obstruction, 86 In 7 pei cent of these cases ascites obseived at autopsy 
proved to be due to ciiihosis of the livei Some investigators believe 
that m most cases ascites associated with cirrhosis is caused by tuber- 
culous peritonitis Tuberculosis may be an incidental observation, 
howevei 

A commonly consideied cause of ascites is obstiuction of the portal 
circulation, resulting fiom contraction of fibious tissue about the blood 
vessels or from poital thrombosis, which is fiequently found associated 
with cirrhosis and especially with splenic anemia Waitbin expressed 
the belief that splenomegaly and the symptoms of Banti’s disease are 
all due to primary infective thrombophlebitis of the portal or splenic 
veins and that when the condition is piesent in the portal trunk ascites 
develops, while if the splenic vein is blocked hematemesis may result 
from the rupture of dilated branches of the gastric veins When the 
superior mesenteric veins are occluded pain, vomiting and diarrhea 
develop, and the patient collapses Against the view that the fibrotic 
liver causes the obstruction are the many recorded cases of cirrhosis 
m which death occurred without ascites (65 6 per cent of a senes of 
56 cases reported by Lange at Kiel, Prussia, in 1888) A well estab- 
lished collateral circulation may have been present in many of these 
cases In spite of the fact that ascites is the most common finding m 
cases of portal thrombosis (40 of 61 instances collected by Rolleston), 
the observation that the portal vein may be ligated in animals without 
the production of ascites is against the theory of portal obstruction as a 
common cause Furthermore, in cases of thrombosis of the portal vein 
immediate effusion into the peritoneal cavity does not always take 
place, according to Ketchen Then, too, in cases of atrophic cirrhosis 
considerable pressure on the portal vein exists before ascites super- 
venes This is shown by the fact that hemorrhages occur long before 
fluid is present If the fluid were a transudate from the blood vessels, 
the effusion would pass into the bowel and stomach and not into the 
peritoneal cavity, as it is in the mucous membianes rather than m the 
peritoneum that increased blood pressure resulting fiom occlusion of 
the portal vein produces the most marked engorgement 

Other theories attnbute the ascites to the secretory activity of the 
endothelium, to increased inflow of lymph, to increased permeability 
of the walls of the blood vessels due to congestion or inflammation, to 
decreased outflow from the peritoneal cavity because of the obliteration 
0 efferent vessels or to the decreased absorptive power of the endo- 
t le lum and blood vessels, such as is seen in cases of chronic passive 
congestion Cardiac failure may be important in some cases , chronic 
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ascites m a few hours With further repetition of the injury to the 
liver with carbon tetra-chlonde ascites developed which could not be 
controlled by diet 

Hepatic insufficiency is tieated by pushing the administration of 
carbohydrates intravenously and orally Digestive disturbances should 
be treated symptomatically Complications are treated as they arise 
Mercury and iodides may be tried, but if impiovement lesults the possi- 
bility of wrong diagnosis presents itself For itching Rowntree advised 
from ^ or gram (16 2 or 32 4 mg ) to as high as 2 grams (1296 
mg ) of mild mercurous chloiide daily for three or four days at a 
time Sweating may bring relief 

The dietary restrictions usually observed are as follows Alcohol, 
fig’g'Sj spices, condiments and fats are forbidden The staple article of 
diet should be milk This is supplemented by vegetables, cooked fruits, 
cereals and bread Meats are allowed only occasionally^ 

To deplete the circulation mild saline cathartics, such as solutions of 
sodium phosphate, magnesium citrate and magnesium sulfate, are said to 
be useful Blum, Aubel and Hausknecht described 3 cases m which cal- 
cium chloride with restriction of salt (sodium chloride) was used with 
good results The dose is from 11 1 to 22 Gm by mouth for from 
five to SIX days at intervals of from eight to ten days The calcium is 
eliminated by the bowel, the chlorine, by the kidney As the chlorine 
IS freed from the calcium it is forced to combine with the sodium, and 
the sodium is eliminated and with it the surplus of water Further 
work with calcium chloride has been done by Mejebovskiy, who studied 
11 patients on a diet of baked potatoes, rice cooked without salt, boiled 
meat, fruit and eggs One or two glasses of weak tea were allowed 
daily For two or three weeks from 12 to 15 Gm of calcium chloride 
was given daily, and this was well tolerated The results were positive 
in 8 cases and negative in 2, and the degiee of ascites remained stationary 
m 1 instance Recurrences developed m 6 cases after from three to 
eleven months In 1 case the amount of urine increased fourfold The 
sodium chloride content increased notably m the urine and blood One 
patient lost IS Kg in weight in three weeks The ascites disappeared 
The loss of weight was not associated with diuresis, since the intake of 
fluid was 500 cc , and the output of urine, only 400 cc Calcium chloride 
would seem, then, to promote extrarenal elimination The theory is 
that the action is due to colloidal changes Excessive changes m the 
tissue colloids,' such as those due to anemia, may explain failures in 
the treatment of some patients Mejebovskiy expressed the belief that 
the stasis m the portal system is primary and that the phy'-siocheniical 
changes in the colloids of the endothelium of the vessels and m those of 
the peritoneum are other factors The chlorine anion play^s the funda- 
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ditions last mentioned, while splenomegaly itself may be a factor, the 
fact that hemoiihages do not occur fiequently m other diseases in 
which splenomegaly occurs is against such a view The hemorrhages 
may be explained as due to obstruction of the venous outflow from the 
spleen and the intestinal tract as a result of the accompanying hepatic 
cirrhosis or thrombosis of the splenic vein Against the theory that 
infective thrombophlebitis is lesponsible for the hemorrhages is the 
absence of abnormalities in the \ ein at autopsy m most instances 

Abdominal pain and distress, complained of by 50 per cent of the 
patients m this study, m the cases of severe imolvement may be due 
to occlusion of the mesenteric vessels S)mptoms of intestinal infarc- 
tion may accompany the pain In cases of less severe cirrhosis the pain 
may be due to intermittent claudication of the vessel A few patients 
have had se^eral attacks Perisplenitis is usually lesponsible for the 
pain in the upper left quadrant 

According to Hollins ascites alone is a frequent cause of anorexia, 
vomiting and diarrhea However, the close relationship of the enlarged 
spleen and the stomach and the consequent diaggmg of the spleen on 
the fundus may be a factor Splenectomy vould, of course, be expected 
to benefit a patient v ith such symptoms 

Jaundice and clay-colored stools (observed in 8 cases) are most 
frequently seen m cases of the obstructive biliary type of cirrhosis 
However, at tunes operation has been performed to relieve the obstruc- 
tion and the operator has been chagrined to note that the ducts were 
patent In such cases the liver is usuall}' atrophic and fibrotic In this 
series 86 of 162 patients (53 per cent) had jaundice as determined by 
the physical findings, history and icteric index Of the proved cases 
jaundice was present in 12 but the change m color had not been noticed 
Eleven patients who complained of jaundice showed it on phj'^sical 
examination Fourteen stated that they had been yellow at one time, 
but no evidence vas found at the time of admission Besides these 37 
patients, 8 had neither a history of icterus nor a trace of it on physical 
examination, but the icteric index was 10 units or above ^ Of the 
78 probable cases jaundice nas observed m 18, but it had not been 
noticed Seven patients gave a history of jaundice but did not have 
icterus on physical examination at the hospital Thirteen complained 
of being yellow and were found to be so on examination Three not 
complaining of jaundice or revealing it on physical examination had an 
icteric index of 10 or abo^e Thus, m 45 pei cent of the proved cases 
and in 41 per cent of the probable cases or m 53 per cent of the 
total number jaundice was present during the course of the disease 

1 The normal range is from 4 to 6 units In clinical icterus the index is 
a ore 15 The range for latent jaundice is from 6 to 16 units 
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A test of liver function showed fairly marked damage to the liver The 
gaseous distention was relieved by the use of salts and enemas, and he 
left the hospital much improved One patient is living after thirteen 
years, but is anemic Three patients died thirteen years after symptoms 
began One of the latter persons was troubled with edema and bloat- 
ing during the last years of his life A fourth patient, who had had 
symptoms for twelve years, died three years after leaving the hospital 
He was tapped sixteen times at home One patient died of hemorrhage 
m the Minnesota General Hospital eight years after the onset of 
symptoms He stated that soon after the symptoms began he was 
tapped at the Mayo Clinic and was sent home to die, but instead he 
did hard labor for eight years to within about ten days of his death 
One patient is alive and m fair health after seven and one-half years, 
but he IS anemic and jaundiced and complains of swelling of the abdomen 
and feet Two others died seven and six years, respectively, after 
their symptoms began A woman, six years after the onset of symp- 
toms, IS bedridden and edematous and vomits material containing blood 
A patient who became ill five years ago is now m fair health except 
for anemia One man died three years after the onset of symptoms 
Another died two and three-fourths years after symptoms began He 
was always jaundiced and had melena at times He vomited blood 
the day he died The diagnosis of cirrhosis was confirmed at autopsy 
One patient died after two and a half years of illness One patient who 
has lived two years is troubled by abdominal pain and enlargement, and 
2 who have lived more than two years complain of weakness One died 
at the Mayo Clinic a short time after leaving the Minneapolis General 
Hospital He lived two years after the onset Four others died two 
years after the first symptoms appeared, 1, fourteen months, 1, six, 
and 1, five A patient recently discharged from the hospital is living 
five months after the onset of illness 

A summary shows, then, that only 9 patients treated medically, and 
hence classified as probably having cirrhosis, are known to be alive 
They are still living nineteen, thirteen, seven and one-half, six five, 
two two and two years and five months, respectively, after the 
onset of symptoms 

A general study of the records of all the patients who were not 
treated surgically shows that the duration of life in the group of proved 
cases was shorter than that in the group of probable cases (table 6) 

In the former group 100 per cent of the patients died within eleven 
years, as compared with 67 3 per cent of those m the latter group At 
the end of six years the percentages were 93 and 53, respectively The 
average for the two groups after six years was 72 6 per cent In 
Rowntree’s series of patients treated medically, 75 per cent were dead 
within SIX years (table 12) 
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with that of diseases of the heart Autopsy in 7 cases revealed lalvular 
disease, in 1, chronic m}ocarditis, and in 8, coronary sclerosis 

The blood pressure is usually low The average pressure was 118 
systolic and 73 diastolic m the proved cases and 123 systolic and 75 
diastolic in the probable cases The average pressure for both groups 
was 120 sjstohc and 74 diastolic ^^'hlle hypertension was present in 
a few cases, in more than one-half the blood pressure w'as below the 
general average Rest in bed and the general debilit} associated with 
the disease are influential factors 


T \BLE "i — Laboraiorv Ftudwas tn Cases of Cirrhosis * 



Pro\ cd 

Probable 

Proved and Prob 


Cirrhosis 

Cirrhosis 

able Cirrhosis 

Blood 

Hemoglobin n\ erage percontnge 

71 

V'' 

72 

nc\o^^ 10 

Si ol SO 

20 ot 72 

12 ol 132 

■Ibove 00 

Got SO 

Got 72 

12 of 112 

Er\ throcj tec n\crnge 

S,70S 000 

S,S31,000 

3,S00 0C0 
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IS o( 7 1 
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C.OGO 
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S2 0( 0,1 
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01 of 11 , 

Urea nitrogen, mg (average (or IS cases) 
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10 

2S 

W o'sermann reaction (lOS ca'cs) 

Po«iti\o 

S 

10 

IS 

Xegativc 

40 

S4 

S" 

Po'ltlie and ncgatlie 

5 

■> 

7 

Urine (loi cases) 

Albumin 

‘v* 

SC 

n 

Casts 

24 

27 

11 

Sugar 

4 

C 

10 


20 ot 20 tested 

0 of 11 tested 

2.0 of 41 tested 


11 of 21 tested 

10 of 22 te-ted 

27 of 4" tested 


4 ot 11 tested 

0 of 11 tested 

IS of SO tested 

Contents o( stomacli 

Free hydrochloric ncid 

11 ot 21* 

ISof 24t 

20 of 41 

Jvo (rcc hjdroclilonc acid 

10 of 21 

0 of 24 

lb of 41 

Character ol stools 

Cln^ colored 



12 

JiO bile 

4 other cases 

1 

7 

Tarry 

4 other cases 

8 

7 

Bloody (red) 

2 other cases 


o 

Occult blood 

7 other cases 

7 

14 


Unless otherwise specified the figures in the columns represent numbers o£ cns(.s 
10 n\ernge ^nU^e for free Inclrochlorlc neW for tho group ulth pro\cci cirrhosis 

ciegrecs, for the group urith probnhle cirrhosis 2S iltgrccs 


LABORATORY FINDINGS 

A tendency to anemia and leukopenia is indicated by an aAerage 
hemoglobin content of 72 per cent and an average ert throc} te count of 
3,800,000 (table 5) Readings varj’’ with the technician and the instm- 
nient used The table show's the number of hemoglobin readings below' 
/O or above 90 for each group and also the number of patients w ith a 
red cell count below' 3,000,000 or abo\e 4,500,000 The a^erage white 
cell count in all cases was 8,440 In the cases classified as probable 
instances the average count w as 7 450, and m the proved cases. 9 260 
len cases of leukocytosis apparenth due to inflammation such as 
pneumonia and peritonitis, w'ere omitted the aierage count was 6,220, 
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value IS high because of the fairly large percentage of patients who were 
known to have had the disease for between five and ten years The 
course of the disease in these patients, then, was slow, and little credit 
can be given to surgical intervention for the fact that the patients 
submitting to operation lived longer on the average than those tieated 
medically 

Of further interest is the finding that the patients lived on the 
average over a year after the onset of ascites This value compares 
favorably with an average period of sixteen months given by Chap- 
man, Snell and Rowntree, from whose paper table 7 is taken These 
authors had 28 patients who lived for an average of over thirty-eight 
months Forty patients lived or were living longer than the average 
of sixteen months Credit for this increase m the length of life after 
the development of ascites is attributed by the last-mentioned authors in 


Table? — Expectancy of Life Aft et Onset of Ascites as Given by Various Antiwis* 


Author 

Thacher 

Nissen 

White 

Hint 

Bamsbottom 


Number of 
Cases 
7 

26 (paracentesis) 

25 (no paracentesis) 
12 (paracentesis) 

10 (no paracentesis) 
16 
SI 


Average Duration of 
Life After Onset of 
Aseites, Months 
13 
15 
10 
21 
20 
50 
60 


Chapman et al 
Henrihson 


112 16 0 
12 12 8 


• This table was taken in part from the article by Chapman, Snell and Eowntree, 1931 


part to improved methods of treatment However, that not all the 
credit should be given to any type of medical management for the 
apparently better prognosis after the development of ascites is brought 
out by the finding that of the 42 patients in my senes on whom the 
study was complete and who lived for an average of twelve and eight- 
tenths months after ascites began, only 2 were given merbaphen, 1 
ammonium chloride and mersalyl, 1 aminophylline and 2 magnesium 
sulfate The intake of fluids was restricted for 6 patients, and a light 
diet was ordered for 5 Seventeen patients of the series underwent 
operation The question then arises whether the ascites is now recog- 
nized earlier both by the patient and by the physician or whether the 
course of the disease is becoming less progressive The patients reported 
on by Chapman, Snell and Rowntree were seen within the last ten 
years, and those in my senes within the last fifteen years The other 
authors cited m table 7 reported their findings between 1893 and 1920 
Does the Eighteenth Amendment or the section of the country play a 
part in this difiference? Studies of series published elsewhere in the 
future will help to answer these questions 
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The a^ erage weight of the spleen obtained at autopsy or by splenec- 
tomy 111 64 cases was 400 Gin (This does not include a spleen weigh- 
ing 250 Gm f 10111 the 8 yeai old child or one weighing 150 Gm from 
the 1 year old child ) The aveiage weight of the spleen for normal 
adults is 150 Gm The largest spleen weighed 1,735 Gm , 41 weighed 
more than 300 Gm , and 14 weighed 500 Gm or more 

The gallbladdei was pathologic in 11 instances Eight patients had 
coronary disease, 7, vahailai disease, and 1, chronic myocarditis 
Esophageal varices were definite in 11 cases In many instances, owing 
to collapse of the walls, the varices are not observed unless the 
pathologist distends them by the injection of fluid 

CAUSES OF DEATH 

The most common cause of death was hepatic insufficiency, 18 
patients dying m coma Some other causes of death were hemorrhage 
with hematemesis occurring near the time of death m 14 patients, 
peritonitis m 8, bronchopneumonia in 8 and chronic alcoholism in 5 
Six patients died within a day or two after operation Obstructive 
jaundice and chronic pancreatitis were each present in 4 cases Throm- 
bosis of the portal vein and nephritis were stated as the cause of death 
m 3 instances each 

TREATMENT OF CIRRHOSIS OF THE LIVER 

MEDICAL MANAGEMENT 

Support for the rigid dietary regimen enforced on patients with 
cirrhosis of the liver appears evident from the experiments of Bollman 
He has demonstrated the protective value of carbohydrates in instances 
of cirrhosis of the liver in dogs Cirrhosis was produced by the oral 
administration of 5 cc of carbon tetra-chloride two or three times a 
week for about two years More recently, 1 cc of tetra-chlorethane, 
which IS present m a substance used during the World War to water- 
proof the fabric in airplanes, has been employed The dogs kept on a 
diet high in carbohydrates (chiefly milk and corn syrup) weie little 
affected by the administration of these toxic substances, while those 
maintained on a diet of meat frequently showed symptoms of profound 
toxemia Lesions produced in the liver were less severe in the first 
group, and the repair was much more rapid Almost perfect repair 
occurred m several dogs receiving ovei two hundred doses of caibon 

tetra-chloride 

Ascites was produced experimentally m dogs with obstructive 
jaundice of several months’ duration In the dogs maintained on a 
let high m carbohydrates marked ascites developed about twenty-four 
ours after meat was fed A small amount of meat extract produced 
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laparotomy In the cases m which ascites is due to portal cirrhosis 
operation must be performed early, before the liver is too seriously 
involved He stated that it has long been known that patients with 
tuberculous peritonitis often recover after simple laparotomy He 
added that even those with generalized carcinosis survive longer and in 
comparative comfort when simple drainage under aseptic conditions 
has been attempted Murrell cited carcinoma as a contraindication, and 
Wheeler stated that among the patients unsuited for opeiation are 
those with ascites due to other causes than cirrhosis of the liver Talma 
himself listed the following contraindications to operation (1) a high 
grade disturbance of the function of the liver, (2) icterus, (3) xanthoma 
and (4) pruritus It was his practice always to tap the patient twice 
to note the effect before operating White added diabetes, Bright’s dis- 
ease, mental hebetude, pronounced achoha and urobihnuna to the list 
of contraindications He agreed with Talma that operation is contra- 
indicated if the patient has not withstood several tappings On the 
other hand, Allyn stated that repeated tappings and edema of the feet 
seem to make no difference m the prognosis but that hebetude, nervous- 
ness, restlessness or insomnia is an unfavorable symptom, because it 
indicates toxemia Most surgeons require that sufficient parenchyma of 
the liver be present to carry on the hepatic functions Schiassi observed 
the excretion of urea to gain information on the condition of the hepatic 
cells O’Malley expressed the belief that operation should be deferred 
in cases of acute peritonitis and also m instances in which paracentesis 
shows turbid or heavy ascitic fluid or fluid with a high content of 
albumin He deferred operation, too, if there was pleural effusion, 
abdominal pain or elevation of temperature Furthermore, he added 
glycosuria to albuminuria and urobilinuria as symptoms of poor prog- 
nostic import From a study of their own cases Eliot and Colp con- 
cluded that as regards prognosis the patients offering the most favorable 
prognosis are those between the second and the fourth decade of life, 
who are fairly well nourished, and without severe nephritis, cardiac 
lesions or signs of collateral circulation, who have withstood a few tap- 
pings, in whom the disease has come on gradually during a year or more, 
whose liver is of the hypertrophic type and on whom the Schiassi type 
of omentopexy has been performed with local anesthesia 

Rowntree divided cirrhosis into the types in which there is com- 
pensation of the liver and those m which there is decompensation He 
stressed the importance of early diagnosis and treatment If opera- 
tion IS to be performed, it should be before decompensation takes place 
From a study of 132 cases Greenough found that results were better 
in patients with an enlarged liver than in those with an atropffiv, liver, 
and that the presence of adhesions or perihepatitis was of good prog- 
nostic import 
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mental lole, and the calcium cation, the secondary role The effect of 
the calcium chloride is present only when the food is free from salt, 
otheiwise, this medication may favor the accumulation of fluid 

Caieful attention must be paid to elimination, both through the 
urinary tract and by way of the alimentary canal As regards the use 
of dmietics, Beckman in Ins “Treatment in General Practice” stated 
“It is generally agreed that all the older diuretics nearly always fail 
to reduce ascites of hepatic origin Regaiding novasurol (meibaphen) 
it may be said that the majority of the clinicians m Germany, where 
the drug originated, have been of the opinion that it too was of no 
avail in these cases ” (Brunn, Muhling and Hassencamp were quoted ) 
Bleyer leported good results in 1 case Fodor maintained that the drug 
IS effective provided the patient has normal blood pressure In the 
United States Rowntree, Keith and Barrier stoutly championed its use 
in connection, it should be noted, with then combination of a low fluid 
intake, a diet low m salt and the administration of ammonium chloride 
They obtained good results in 10 cases, with disappearance of both the 
ascites and the signs of collateral circulation The patients improved 
markedly in health and strength Chapman stated that jaundice, per- 
sistent bleeding from the gastro-intestinal tract and mental distur- 
bances contraindicate the use of diuretics m most instances Elderly 
cachectic patients with poor hepatic function may be made definitely 
worse by their use In 1930 Rowntree, from an analysis of cases 
observed during an experience of six years with the use of merbaphen, 
found that 75 and 85 per cent of the patients in 2 series were 
benefited by the use of the drug He stated that the average dura- 
tion of life after the development of ascites in cases of cirrhosis was 
found by White and Thompson to be two months, while in his own 
series of 28 living patients it was 38 4 months However, 54 per cent 
of the patients had died within sixteen months, even if the condition 
was controlled Eighty-four of the 112 patients who died had lived 
for an average of fifteen and nine-tenths months He stressed the 
importance of early diagnosis and early operation While the imme- 
diate results were good in 80 per cent of the cases m which treatment 


was medical, 75 per cent of the patients died within six years 

Follow-up letters sent to the patients treated medically at the Uni- 
versity of Minnesota and Minneapolis General Hospitals revealed that 
only a small number could be traced owing to the time elapsed since 
the patients were hospitalized and to the roving spirit of patients of 
the type seen in general hospitals One patient (J T ) is still living 
nineteen years aftei symptoms began He returned to the hospital after 
receiving his follo\v-up letter and was admitted for study because of 
pain m the right upper quadrant and marked distention of the abdomen 
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abdomen above the umbdjcus and empty it of Buid The peritoneum 
covering the spleen and liver and the parietal peritoneum opposed to 
them are scrubbed with a dry gauze sponge The omentum is sutured 
across the anterior part of the abdominal wall , a glass tube is left in 
the pouch of Douglas and the parietal wound is closed, silk sutures being 
used To keep the parietal and the visceral peritoneum in contact long 
circular strips of adhesive tape are wrapped about the patient’s trunk 



Fig 5 — Drawing illustrating the various types of omentopexj and a few other 
procedures not indicated in figure 4 

from the epigastrium to the tube in the hypogastnuin There aie 
many modifications of this operation Few surgeons use drainage 
because of the danger of infection, although Morison stated that peri- 
tonitis had never developed in his cases However, Greenough reported 
a mortality of 50 per cent in 54 cases in which drainage was used, as 
compared with that of 14 per cent in cases in which no drainage wa& 
employed Turner interposed the omentum between the liver and the 
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The difterence between the gioup of pioved cases and the gioup of 
probable cases may be due to the fact that most of the patients with 
proved cirihosis enteied the hospital m pool condition and died there, 
while most of those with pi obable cii rhosis entei ed and left the hospital 
in fair condition Then, too, m the latter gioup aie included those on 
whom an autopsy uas not pei nutted Hence, in spite of the typical 
S}miptoins and physical findings, these patients may not have had true 
cirrhosis The difficulty of diagnosis, even at autops}^ is demonstiated 
by the necessity of excluding several cases fiom this study when micro- 
scopic examination failed to confiim the diagnosis made from the gioss 
specimen Studies of senes of cases m which the diagnosis of cirrhosis 


Table 6 — Companson of Mortality Rates m the Diffciciit Gioups 
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57 1 

7>0 

05 0 

70 0 

8 


032 

7sn 

07 8 

74 1 

D 


05 3 

SIO 

07 8 

80 0 

10 


05 3 

810 

07 8 

800 

n 


07 3 

81 1 

100 0 

87 0 

12 


07 o 

83 1 


87 0 

18 


09 3 

84 2 



14 


75 5 

87 0 



15 


75 5 

87 0 



16 


77 5 

883 



17 


77 5 

8S3 



18 


79 5 

89 3 



19 


79 5 

89 3 



20 


79 5 

89 3 



21 


S2 2 

904 




was based only on symptoms and physical findings cannot be considered 
trustworthy Diagnosis based on inspection and palpation of the liver 
IS usually correct, but if the gross specimen is not typically hobnailed, 

examination of sections under the microscope is essential for positive 
diagnosis 

Of interest in this summary of the results is the fact that the 
patients subjected to surgical treatment had lived, even before the opera- 
lon, over twice as long after the onset of symptoms as had, on the 
average, the patients not operated on Patients in the latter group died 
in an average of eighteen and three-tenths months after the onset of 
jrnptoms, while those of the former had had s)nnptoms for an average 
aft months before operation The average duration of life 

aftr months, thus bringing the total duration of life 

le onset of symptoms to an average of forty-four months This 
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SURGICAL INTERVENTION 
Palliative Measures 

Paiacentesis — Mild peritonitis may play a role here Cures result 
from the collateral circulation established by adhesions 

Operatic Treatment 

Histo) ical Swvey — The caput medusae perhaps first directed atten- 
tion to nature’s attempt to establish a collateral circulation in cases of 
cirrhosis of the liver In a postmortem study on persons who had met 
death by accident Fagge demonstrated that many persons with typical 
cirrhosis of the liver were in good health, owing to the establishment 
of a compensatory circulation While he was not the first to show 
this, his careful and scientific observations were instrumental m plac- 
ing the subject on a sound basis Talma of Utrecht, Netherlands, 
in 1887 or 1888, suggested that an attempt should be made to develop 
a collateral circulation by the establishment of adhesions between the 
parietal and the visceral peritoneum Van der Meulen attempted to do 
this for Talma in 1888, but the patient died of shock m a few hours 
Talma published nothing on the subject until 1898 Lens, of Nether- 
lands, performed a successful operation m 1891, after which the patient 
lived SIX months This case was not reported until 1901 A patient of 
Schley died of peritonitis after operation m 1891 Unaware of the 
work of these men, Monson, of Newcastle, England, on the suggestion 
of Drummond, performed an omentopexy in 1894 The patient was 
not cured but lived eighteen months A short time later another patient 
was operated on with successful outcome These cases were reported 
in the first article ever written on the subject in 1896 Other surgeons 
performing the operation before the close of the century were Howard, 
1897, Neuman, of Berlin, 1898, Weir, of New York, 1898, Turner, 
1899, and Brown, 1899 

Selectton of Patients fo7 Opeiation — There is marked diversity of 
opinion as to what constitutes indications and contraindications for 
operation on patients with ascites Monson stated that alcoholic 
cirrhosis is most readily cured and that he has seen no cures in cases 
of syphilitic cirrhosis Turner agreed that patients with syphilis do 
badly, while Murrell recommended treating the syphilis medically three 
weeks and then, if there is no improvement, operating as in other cases 
Barker reported good results after surgical intervention m such cases 
hite and Thompson advised against operation in cases m which ascites 
IS due to cirrhosis alone, as patients with such a condition hardly ever 
survive even a tapping for more than a few weeks It is their conten- 
tion that cure results from operation only in the cases m which there is 
c ironic peritonitis, which m turn is the cause of the ascites Lejars 
expressed a view that every patient with chronic ascites is benefited by 
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Paracentesis or continuous external drainage, with rubber or glass 
drains, is sometimes used 

The establishment of a sinus into the bladder has been attempted 

4 Splenectomy Gerster and Hartman ligated the splenic artery 
to produce atroply^ of the spleen 

An unsuccessful case of splenectomy was leported bv Rafferty 
as earty as 1900 Results obtained bjf Ma }'0 since then W’-ould indicate 
that this procedure is exceeding^ helpful in many cases 

Splenectom}'^ with a modified Talma procedure seems to be gaming 
favor 

5 Other Procedures According to Rowntree, hemorrhage due to 
rupture of esophageal varices accounts for a large number of deaths in 
cases of cirrhosis of the liver He suggested that the collateral circula- 
tion be blocked by ligation or injection, so as to preclude the possibility 
of the portal blood reaching the esophageal \arices This was done by 
Walters in a patient, aged 61, whose stools contained blood daily His 
procedure was total division of the gastrohepatic omentum, mass liga- 
ture of the divided ends and incorporation of the ends into the abdom- 
inal incision After operation no blood w'^as present in the stools 

Injection of scleiosing solutions into the esophageal varices via the 
esophagoscope has been considered 

Operations, such as cholecystostomy and choJecystenterostomj', are 
performed in cases m wdiich obstructn'^e sj^mptoms obtain 

Diathermy to produce hj^peremia has been tried over the liver with 
benefit 

Results of Swgical Ticafineuf (tables 8 and 9) — It has been said 
that statistics concerned with the value of surgical procedures are unre- 
liable, because few" men report unfavorable results w'hile most hasten 
to report faiorable lesults With regard to results in the surgical 
treatment of ascites this tendency is moie than offset by the fact that so 
many poor results that are published are due to the operation having 
been performed as a last resort, wdien little or no benefit could be 
expected from any treatment Then, too, operations which w'ere devised 
primarily for the relief of portal cirrhosis are employed in many cases 
in which the diagnosis is anything but that Authors favoring opera- 
tion m cases of portal cirrhosis state that this accounts for many poor 
results, W"hile those opposed to surgical intervention claim that the 
reported cures occur in cases in which the diagnosis w"as obscure 
Cumston cited Willems as admitting only 10 faAorable results in 250 
cases reported by the Germans Most statistics show" improvement in 
about 50 per cent after operation Of 47 patients operated on at the 
IMayo Clinic 7 died in the hospital 21 w"ere alive w"hen last heard from. 
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In the senes lepoited in this paper the lesults have no definite lela- 
tionship to the size of the hvei oi the duration of the ascites Nor is 
the duration of the disease of great significance In one patient the dis- 
ease may run a rapid couise, in another, a slow couise Each patient 
selected for operation must be studied caiefully Hepatic function, not 
the size of the liver, the pi ogress of the disease not the duiation, and 
the condition of the patient in general with special leference to that 



^ Composite drawing illustrating a few procedures which have been 
suggested in the surgical treatment of cirrhosis of the liver 


of the heart and kidney, not the age oi the benefit deiived from tapping, 
aie of greatest significance 

In other words, before the patient is subjected to suigical inteiven- 
|ion, it must be determined that he is a good surgical risk and that 
us condition is such that he has a good chance of impioving should the 
operative procedure itself be successfully completed 

P) occdu7es (figs 4 and 5) — 1 Methods of Establishing Collateral 
ucuation (^A) Omentopex)’- Morison’s proceduie is to open the 
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2 Of 4 patients on a Talnia-Morison procedure and a splenec- 

tomy = were performed, 1 died one hour after operation and 2 on the 
sixth day after operation, 1 is alne and \\ell three and one-half years 
after operation 

3 Four patients on whom splenectomy = only was performed died 
two, nineteen, one hundred and forty and six hundred and seventy-one 
days after operation 

4 Nine of the 10 patients on whom exploratory operation only was 
done died in one day, fourteen days, nineteen days, tiventy-three da}s, 
ti\enty-seien da)'s, thirty days, six months, four years and four and 
one-half j^ears after operation, 1 is In mg eight and one-half months 
after operation 

5 One patient undergoing choleci stogastrostomy lived only one 
da)' 


T\ble 10 — Duration of Life After Operation 



Condition 

Dess 

6 ilOS 





Total 


of 

Than 

to 

1 to 2 

2 to 3 

3 to 4 

4 to 3 

Xumber 

Type of Ojieration 

Patient 

6 ilos 

1 Xr 

Xrs 

Xrs 

Trs 

Xrs 

Patients 

Talma Monson 

Dead 

5 

O 

1 

1 



S 


Alive 

1 « 







Talma ilorison and splenectomv 

Dead 

3 






3 


Alive 





1 ? 


1 

Splenectomy 

Dead 

s 


1 




4 

Cholecrstogastrostomv 

Dead 

1 






1 

Choleeystotomr 

Dead 

1 






1 

Oholecystodnodenostomr 

Dead 

I 






1 

Erploratorr operation 

Dead 

6 

1 




1 

8 


Alive 


1 




1 


Ventral hemiotomr 

Dead 

1 






1 

Summary 

Dead 

21 

3 

2 

1 


1 



Alive 


a 



1 ’ 

1 



>o trace 

1 









22 

i 

2 

1 

1 ’ 

O 

31 


6 One patient on whom cholec} stotomy was performed died three 
months after operation 

7 One patient on whom cholec) stoduodenostomy W'as performed 
died of peritonitis on the ninth day 

8 One patient died tw'o dar's after central herniotom}' 

A stud) of this summary and of tables 10 and 11 reveals that in 
this small series of 31 patients undergoing some type of operation, 
including explorator)' laparotomy and herniotomy, 17 (55 per cent) 
died within thirty da)s of the operation Twenty-one (67 7 per cent) 

2 Since these figures w ere made up, 4 more patients hai e been operated on at 
the Minneapolis General Hospital for the relief of cirrhosis The following results 
were obtained C C — Talma-Morison procedure and splenectomj— died W\o da\s 
later, F W— splenectomj— died one day later, GP— Talma-Morison procedure 
and splenectomj— died one dai later, A J— excision of patch of peritoneum fol- 
lowed in one month bi splenectomj— died lour dajs later 
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diaphragm Extraperitoneal fixation of the omentum has become 
popular Both Schiassi and Barker placed the omentum m a pocket 
formed between the peritoneum and the posterior surface of the 
abdominal muscles Narath brought out the omentum beyond the muscle 
beneath the skin and supeificial fascia 

(B) Visceiopexy Hepatopexy is a possible method Many sur- 
geons as a loutme fix the margin of the liver to the peritoneum by a 
few sutures Others excoriate the surface to encourage the formation 
of adhesions 

Splenopexy was mentioned by Bunge at the Surgical Congress in 
1902 By some surgeons the spleen if small is brought out into pockets 
m the abdominal wall, and if large it is merely sutured to the incision 
Lanz, m 1911, transplanted the testicle and spermatic cord to the 
peritoneal cavity and surrounded them with omentum 

Excision of patches of peritoneum has also been recommended as a 
means ot producing collateral circulation through the adhesions thus 
formed 

(C) Ligation of vessels To hasten the formation of the collateral 
circulation, ligation of the chief tributaries of the portal vein is carried 
out at times Moynihan ligates the mferioi mesenteric vein Mayo 
ligates the inferior mesenteric oi superior rectal vessels as a supplement 
to epiplopexy 

2 Operations m Which a Short Circuit is Effected To relieve the 
liver of some of the blood entering from the portal system, Vidal made 
an Eck fistula, after which the patient lived three months 

Although often accomplished, anastomosis of the superior mesenteric 
and spermatic or ovarian veins has not given encouraging results How- 
ever, Bogoraz and Krestovsky reported good results after anastomosing 
the superior mesenteric vein and the inferior vena cava 

It must be remembered that the liver should not be deprived of too 
much blood, as such symptoms as convulsions, dehiium and coma are 
said to have resulted when this happened As shown by Pearson, studies 
on dogs by Hahn, Pawlaw, Massen and Wencki helped to demonstrate 
this danger 

3 Methods Used for Drainage of Ascitic Fluid Ruotte’s sapheno- 
peritoneal anastomosis has given good results m almost 50 per cent of 
the cases (Griffith) Handley employed the femoral canal for sub- 
cutaneous drainage Bocarro and Tannahill reported good lesults from 
the use of glass tubes resembling collar buttons which drained into the 
subcutaneous tissues For the same purpose, other surgeons use silk 
threads, rubber tubes or sections of blood A'essels, but occlusion or 
obliteration soon takes place 
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PROGNOSIS 

After careful analysis of the charts the following' ai'^erages were 
obtained 


Duration of Life 

differ tbo onset of symptoms in 75 proved cases m which operations 
■nere or were not performed 
After ascites developed in 42 cases 
Tilth no operation in 45 oases 

After the onset of symptoms in 19 cases in which operation for 
cirrhosis was performed 

Between the onset of sjmptoms and operation in 19 cases 
After operation for cirrhosis in 19 cases 

As has already been mentioned, these values show that the patients 
subjected to surgical treatment had lived even before operation, more 
than twice as long after the onset of symptoms as had on the average, 
the patients on whom no operation was performed Whether the 
patients would have lived for an average of fiTC months longer without 
operation is difficult to state 


Days 

Mouths 

663 

22 1 

SS5 

12 8 

554 

18 3 

1,324 

44 1 

1,178 

S9 2 

150 

5 


Table 12 — Compai atwe Dmatwns of Life Aftei the Onset of Symptoms fot 
Sevetal Senes of Patients ioith Cm hosts 



Patients Treated Surgically, 

Patients Not Treated Surgically, f 


Dying Within 6 Tears, 

Dynng TT ithin 6 kears, 


Percentage 

Percentage 

Eowntree’s series 

66 0 

75 0 

My senes 

67 4» 

72 5t 

Nineteen other series 

64 0 



* This series includes the patients on whom an operation, such as exploratory laparotomy 
cholecystotomy, cholecystogastrostomy, etc , was performed, the conditions of most of whom 
had not been diagnosed as cirrhosis before operation 

t The value 72 5 per cent includes not only the patients treated medically but those who 
had no medical treatment, owing cither to the lack of diagnosis or to the death of the 
patient soon after admission to the hospital before medical management could be instituted 


In tables 6 and 13 are shown the percentage and number, lespec- 
tively, of the patients who died during each year after symptoms began 
Of the 31 patients undergoing operation, 67 4 per cent died wuthin six 
years of the onset of symptoms, while 72 5 per cent of those not oper- 
ated on died within the same period These statistics correspond closely 
to those reported by Rowntree (66 and 75 per cent) and to similar 
values computed on the basis of 108 cases reported m the literature b} 
19 authors (table 12) 

These results are discouraging, to say the least It is evident that the 
patient with cirrhosis is a poor surgical risk With this in mind, the 
selection of the type of operation must be given serious consideration 
Splenectomy or a modified Talma procedure Tvith splenectomy ivould 
seem to offer the best possibilities (table 9), but the associated high 
mortality should make one hesitate to perform these operations on any 
but those who present the best risks 

Vascular anastomosis, such as Eck’s fistula, is far too formidable a 
procedure for any one to attempt but the surgeon skilled in rascular 
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surgical technic Apart from the technical difficulties, this procedure is 
not recommended for a carnivorous animal like man, because of the 
danger of flooding the body through the portal circulation with split 
products from the digestion of proteins 

For patients whose poor condition contraindicates a major procedure 
one or more of the minor procedures, such as the saphenoperitoneal 
anastomosis of Ruotte or the establishment of subcutaneous drainage 
with the use of small glass spools, would seem from reports in the litera- 
ture to offer hope Since these procedures aim only at the relief of 
ascites, however, they appear at best to be palliative If the patient’s 
condition should improve after the ascites has been controlled, the way 
would be paved for splenectomy, with or without omentopexy 

An attempt to shut off the venous supply to the lower esophageal 
vessels to prevent hemorrhage is hardly feasible when the attack is made 
from below the diaphragm Bleeding from the many anastomosing 
branches above the diaphragm would still be a likelihood Obliterating 
the lumen of the varices themselves by direct attack through the 
esophagoscope appears more logical 

SUMMARY AND CONCLUSIONS 

1 While the etiolog)^ of cirrhosis is obscure, the most plausible 
theory is that portal cirrhosis is caused by toxins or toxin-producing 
agents brought to the liver by the portal system (Toxins from the 
spleen must be consideied ) Evidence points to the association of alcohol 
with the development of cirrhosis 

2 Aftei cardiac and lenal pathologic conditions have been ruled out 
as the underlying process, the clinical diagnosis of cirrhosis of the liver 
can be made with a fair degree of certainty for a patient, usually a man, 
in the fourth or fifth decade of life who complains of abdominal pain or 
distress, nausea and vomiting, constipation or diarrhea, anorexia, hema- 
temesis or melena, associated with general malaise, edema, loss of weight, 
dyspnea, clinical oi latent jaundice and nocturia On examination he 
presents ascites, a cardiac murmur, edema, a tendency to jaundice, a 
palpable spleen, a finely nodular liver (after paracentesis) and often 
albumin and casts in the urine The patient usually dies in coma or of 
hemorrhage oi of an infective process 

3 In S4 cases in this series the diagnosis of cirrhosis was proved at 
autopsy or at operation and by aid of biopsy, and these cases are con- 
sidered separately For statistical accuracy only the proved cases should 
be included in studies of this disease 

4 In the medical or nonsurgical management of cirrhosis judicious 
selection of cases is essential The best results were those reported by 
Chapman, Snell and Rowntree with the use of a special diet, a limited 
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1 being alive nine 3'ears aftei opeiation, 1 eight years after, 1 more than 
seven years after and 1 more than five years after In an editorial in 
the Amoican Journal of Sin go y, June 1909, the following results in 
1,565 cases m which omentopexy had been performed were given (1) 
patients cured, 30 4 per cent, (2) patients leheved, 19 8 per cent, 
(3) patients not leheved, 39 2 pei cent, and (4) patients dying, 10 6 
per cent In othei words, 50 2 per cent weie benefited, and 49 8 per 
cent were not In a series of 207 cases (included m table 8) selected 
at random from the reports of 27 authois published since 1909, impiove- 
ment was noted m 65 per cent and no benefit in 35 per cent Omento- 
pexy was performed m 108 of these cases, with improvement m 67 and 
none m 41 (table 9) Splenectomy was performed in 55 cases, with 
improvement m 45 and none m 10 Saphenoperitoneal anastomosis gave 
relief m 20 of 42 cases, while in 22 theie was no improvement Button 

Table 9 — Summaiv of Results of Seveial Sui gical Pi ocedin es 


No Improvement or 
Improvement Patient Dead 

^ , K 



Number of 


Number of 



Cases 

Percentage 

Cases 

Percentage 

Ruotte s saphenoperitoneal anastomosis 

20 

47 6 

22 

52 4 

Omentope\y 

67 

62 0 

41 

38 0 

Splenectomy 

45 

818 

10 

18 2 

Button drains 

2 

100 0 




134 

65 0 

73 

35 0 


drains were used m 2 cases, with improvement m both instances While 
the lattei series is far from complete, the lesults in the last half of the 
period of forty years during which operations have been performed m 
cases of cirrhosis with ascites indicate an improvement in 65 per cent 
of the cases in which surgical intervention was used, or m 15 per cent 
more than m the first half, during which improvement occurred m 50 2 
per cent The most striking results were those of Mayo who obtained 
improvement in 24 of 28 cases in which omentopexy was performed and 
m 27 of 34 cases of splenectomy, while the pooiest results were those 
leported by Tempsky, only 7 of 25 patients showing improvement 

The following results were obtained from operations performed on 
patients in this senes 

1 Of 9 patients on whom a Talma-Morison piocedure or omento- 
pexy was performed, 8 died m one, eleven, thirty-nine, one hundred and 
one, one hundred and eighty-three, one hundred and eighty-four, thiee 
hundred and sixty-five and fir^e hundred and forty-seven days after 
operation , 1 left the hospital m good condition after an operation in 
1914 and has since been lost track of 
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9 In a senes of 136 cases reported in the literature, death occurred 
in 52 per cent within one year of operation Of my senes of 19 patients 
operated on for cirrhosis, 67 per cent died within one year of operation, 
while 77 4 per cent of the 31 patients undergoing some type of operation, 
including such pi ocedures as exploratory laparotomy or herniotomy, died 
within the same time Over one-half the patients died within thirty days 
of operation These statistics demonstrate the very high mortality rate 
among patients with cirrhosis 

10 Six years after the onset of symptoms 67 4 per cent of the 31 
patients in this series undergoing some form of operation (table 12), 
66 per cent of those m Rowntree’s series and 64 per cent of those in a 
series of 108 cases (reported on b)^ nineteen authors) were dead Com- 
pared with values indicated in paragraph 4, these percentages indicate a 
preference for surgical treatment, were it not for the following facts 
In the 19 cases just mentioned the average duration of life from the 
onset of symptoms to operation was thirty-nine months The average 
duration of life after operation was five months, or a total of forty-four 
months from the onset of symptoms to death, as compared with an aver- 
age of eighteen and three-tenths months for those whose treatment 
was medical The patients undergoing operation had then (even before 
the operation) lived over twice as long as those without operation 
Whether the average length of postoperative life of five months was an 
increase or a decrease in the expected duration of life is difficult to state 
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died within six months, and 25 (77 4 pei cent), within the first year 
Operation was apparently a last resort for 5 patients, who underwent 
surgical treatment ten, ten, eight, eight and seven years, respectively, 
after the onset of symptoms These 5 persons lived eleven, two, one 
hundred and eighty-three, nine and five days, respectively, after oper- 
ation 


Table 11 — Snmmaiy of Data on Patients on Whom Opeiatwn Was Perfoimed 




Duration of 

Urea 

Size of 



Duration 



Simptoms Nitrogen Liver or 

Duration 


of Life 


^ne, 

Before 

of Blood, Weight 

of 


After 

Xo 

Trs 

Operation 

Mg 

in Gm 

Ascites 

Operation 

Operation 

1 

67 

1 mo 


3,180 

1 mo 

Talma Monson 

1 day 

2 

45 

lOyrs 


1,560 

2 wks 

Talma Monson 

11 davs 

3 

44 

Syrs 

SO 

3,080 

2tv1.s 

Talma Monson 

6 mos 

4 

57 

9 mos 


Palpable 


Talma Monson 

101 days 

5 

27 

7 yrs 


1,400 


Taima Monson 

5 days 

6 

23 

8 mos 

18 6 

2,725 

6 wks 

Talma Morison 

183 days 

7 

51 

9 mos 


Palpable 

9 mos 

Talma Morison 
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Ventral herniotomy 

2 days 

22 

45 

0 days 
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Exploratory 
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23 

31 
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24 

63 
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Palpable 
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25 

57 

2 mos 
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26 

48 
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27 
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28 
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l,110t 
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Exploratory 

6 mos 


26 

1 mo 


Not palpable 

1 mo 

Exploratorj 

8 dajs 


* Patient alive 

track of after leaving the hospital 


One patient who had an exploiatory operation foui months after the 
symptoms began is alive and well four years after operation Another 
operated on five years after the development of ascites is alive and well 
three and one-half years after omentopexy and splenectomy A third 
patient is still living eight and one-half months after operation, and a 
fourth was lost track of after the operation 

E'ght patients who were 50 or past lived one hundred and one, 
ninety, thirty-nine, twenty-three, nineteen, seven and two days and 
one day after operation In general, the oldei patients did not do 'w ell 
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intake of fluids, ammonium nitrate or ammonium chloride, meibaphen 
or mersalyl and at times the employment of purines as diuretics Onlj 
carefully selected patients were treated The average length of life after 
the onset of ascites for the patients m their series was sixteen months, 
while m 28 cases it was thirty-eight months, as compared with an average 
of twelve and eight-tenths months in the series reported in this paper, 
m which there was no special management At the end of six years 
75 per cent of the patients reported on by the aforementioned authors 
were dead, as compared with 72 6 pei cent of the patients without 
surgical treatment m this series The values were 93 and 53 pei cent, 
respectively, for the two groups, of proved and piobable cases (table 6) 

5 In the selection of patients foi operation a careful stud} of the 
liver, kidneys and heart should be made to determine (a) whether the 
patient is a good surgical iisk and (Zi) whether he has a good chance of 
improving latei should the opeiative procedure itself be successfully 
completed Early diagnosis and eaily operation should impiove the 
results 

6 The type of operation should depend on the condition of the 
patient If he is a poor suigical risk, paracentesis may be the only pro- 
cedure indicated Other piocedures for controlling the ascites, such as 
the use of collar-button-hke tubes draining into the subcutaneous tissues 
and the saphenoperitoneal anastomosis of Ruotte, aie reported as giving 
good results The moie formidable procedures attempting (a) to estab- 
lish collateral circulation and (b) to decrease the volume of blood storm- 
ing the harassed liver via the poital gate, such as the establishment of 
an Eck fistula, anastomosis of the supeiior mesenteric vein and the 
inferior vena cava, splenectomy, the Talma-Morison proceduie or one 
of its modifications or a combination of omentopexy and splenectomy, 
are indicated only in especially selected, well prepared patients because 
of the associated high mortality late 

7 The multiplicity of operative procedures devised for the relief of 
patients with cirrhosis indicates their inadequacy The failure of some 
types to give lelief can be explained by (a) the technical difficulties 
involved in carrying out the procedure, (b) the mechanical failure of the 
pioceduies even when propeily performed and (c) their use as a last 
lesort in patients who are poor iisks, with the consequent high rate of 
mortality 

8 The lesults of surgical treatment reported in the literature vaiy 
wadely, the most sti iking being those reported by Mayo, which indicated 
impiovement m 24 of 28 cases in which omentopexy w^as performed and 
ill 27 of 34 cases in wdiicli splenectomy w^as performed The poorest 
lesults aie those lepoited b} Tempsky which indicated improiement in 
onl} 7 to 25 cases In a senes of 250 cases Cumston cited Willems as 
admitting fa^olable results m onh 10 cases 



EFFECT OF REMOVAL OF STELLATE SYMPATHETIC 
GANGLION ON GROSS AND HISTOLOGIC STRUC- 
TURE OF THE THYROID GLAND 

AN EXPERIMENTAL STUDY 
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CINCINNATI 

AND 

CRANSTON HOLMAN, MD 

NEW TORK 

Since Koeben ^ m 1855 first suggested the sympathetic origin of 
disease of the th 3 Toid, numerous investigators have attempted to piove 
or to disprove Ins theoiy 

It has been demonstrated b}^ Anderson,- Beihle}' ® and Rhinehart ■* 
that the thyroid is amply supplied by nonmedullated nerves, ending in 
fine fibrils, with knoblike enlargements on the basal ends of the gland 
cells Briau ° has shown by anatomic and embryologic dissections that 
the thyroid neives come from the ceivical portion of the sympathetic 
trunk, arising in the main from the middle of the cenncal poition of the 
trunk m man and from the inferior cervical or stellate ganglion in the 
dog and cat It has also been demonstrated that ganglion cells exist 
both 111 the superior laiyngeal nerves ® and in the thyroid gland ' 

In the attempt to demonstrate a functional relation between the 
thyroid and its nenT supply many conflicting repoits of experimental 
studies have been made These include various histologic changes after 
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thyroid gland or stellate ganglion was removed through a midline 
incision In all the dogs the wounds healed per primain, and at the 
termination of the experiments specimens were first removed with the 
animals under anesthesia, and then the animals were killed Specimens 
were immediately placed in solution of formaldehyde and Zenker’s 
fixative and then stained with Weigert’s hematoxylin and eosm 

Table 1 — Coinpat tson of Lobes of the TJtyioid Gland of Dogs After Unilateial 

(Right) Lobectomy 
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Table 2 — Compaitson of Lobes of the Thyiotd Gland in Dogs Aftei Undateial 
and Bilateial Stellate Ganghonecfoinv 
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UNILATEKAL LOBECTOMY OF THE THYROID 

Several experiments were carried out to study the eftect of unilateral 
lobectomy on the normal thyroid under conditions prevailing during 
this study It was noted that the two lobes of the thyroid in the same 
animal were similai but that thyroids removed from different animals 
showed considerable variations (table 1) This i\as corroborated by the 
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2 No definite changes could be demonstrated m the remaining 
lobe of the thyroid, using one lobe as a control, after (a) unilateral 
lobectomy, (&) cervical ganghonectomy and (c) unilateral lobectomy 
and simultaneous ganghonectomy on the opposite side 


PROTOCOLS 

All operations were performed under sterile technic through a midline incision 
in the neck e>.tending from the manubrium to the thyroid cartilage Black silk 
sutures were used throughout 

The ,pecimens were fixed in a solution of formaldehyde and Zenker’s solution 

Dog JOl — A white male fox-terrier 6 or 7 j^ears old underwent an operation 
for removal of the right lobe of the thyroid on Sept 29, 1931 The dog remained 
health}’’, with no apparent change m its habits or reactions It was killed on 
June 1, 1932, at which time the left lobe of the thyroid was removed for com- 
parison 

Dog 317 — A female beagle puppy about 10 months old underwent an operation 
for removal of the right lobe of the thyroid on Oct 9, 1931 Recovery was 
uneventful, and the dog was m good health until October 24, when it contracted 
distemper It died on Oct 26, 1932 Autopsy revealed pneumonic consolidation 
of both lungs The operative field was in good condition The left lobe of the 
thyroid was removed for comparison 

Dog 320 — A female police dog about 2 years old underwent an operation for 
removal of the right lobe of the thyroid on Oct 16, 1931 The left lobe was 
inspected The dog remained well and healthy, with no change in its habits or 
reactions until it was killed on May 17, 1932, at which time the left lobe was 
removed The operative field was in good condition There was no apparent 
change m the size of the left lobe 

Dog 325 — A female fox-terrier about 2 years old underwent an operation for 
remov’al of the right lobe of the th}roid on Oct 20, 1931 The left lobe was 
inspected The dog remained healthy and in good condition with no change in 
Its habits It was killed on June 16, 1932, at which time the left lobe of the 
thyroid was removed There was no apparent change in its size 

Dog 334 — ^A mongrel collie, a male, about 3 years old, underwent an opera- 
tion for removal of the right lobe of the thyroid on Dec 23, 1931, and the left 
lobe was inspected The dog remained m good health with no change in its 
habits It was killed in a fight on March 26, 1932 The left lobe of the thyroid 
was removed There was no apparent change in its size 

Dog 303 — A brown female about 1 year old underwent an operation for 
removal of the right lobe of the thyroid and the left stellate ganglion on Sept 30, 
1931 Immediately following the operation the left pupil was contracted, both 
pupils reacted to light Postoperatn ely the leit pupil was contracted to one-half 
the size of the right pupil Both reacted to light Enophthalmos and hd lag 
were present in the left eye, and the conjunctiva was redundant over the sclera 

Three weeks postoperatively both eves were the same, except for the pupillarj 
difference The right pupil was twice the size of the left One month after 
the operation the dog had repeated convulsions It was killed on October 30 
Autopsv revealed pneumonia almost filling the entire right side The operative 
site was in good condition The left lobe of the thyroid was removed for study 
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Dog 305 — A black and tan female about 2 years old underwent an operation 
for removal of the right lobe of the thyroid and the left stellate ganglion on 
Oct 5, 1931 Immediately following the operation the left pupil was one-half the 
size of the right pupil Both pupils reacted to light The dog remained in good 
health, with no apparent change m habits During the next seven months of 
observation the left pupil was constantly smaller than the right, slight enoph- 
thalmos, lid lag and redundance of the conjunctiva persisted Infection developed 
in a dog-bite wound m the thoracic wall on the left side, and the dog was killed 
on May 12, 1932 The left lobe of the thyroid was removed There was no 
apparent difference in the size of the lobes 

Dog 318 — A large brown male from 4 to 5 years old underwent an operation 
for removal of the right lobe of the thyroid and the left stellate ganglion on Oct 
3, 1931 The usual changes were observed The left pupil was one-half the size 

of the right Both reacted to light Enophthalmos, lid lag and redundance of 

the conjunctiva were present in the left eye Lid lag and enophthalmos disap- 
peared after four months The animal remained healthy, with normal habits It 
was killed on May 21, 1932 The left lobe of the thjmoid was removed There 
was no apparent change m size 

Dog 326 — A brown mongrel female about 8 months old underwent an opera- 
tion for removal of the right lobe of the thjroid and the left stellate ganglion on 
Nov 2, 1931 The usual changes occurred in the eyes Four days after the opera- 
tion the dog contracted distemper, and it died twenty-eight days postoperatively 
The left lobe of the thyroid was removed 

Dog 336 — A mongrel male 1 jear old underwent an operation for removal of 
the right lobe of the thyroid and the left stellate ganglion on Dec 15, 1931 The 

usual changes occurred m the eyes One month after the operation the dog con- 

tracted distemper, and it died on Jan 30, 1932 The left lobe of the thyroid was 
removed 

Dog 358 — A black and white female about Ikz years old underwent an opera- 
tion for removal of the right lobe of the thyroid and the left stellate ganglion on 
Feb 15, 1932 The usual changes occurred in the eyes The left pupil was 
one-half the size of the right The conjunctiva was redundant Enophthalmos 
and lid lag were not apparent The dog remained healthy, with normal habits, 
until It was killed on June 6 The left lobe of the thyroid was removed 

Dog 304 — A brown and white male mongrel 2 or 3 years old underwent an 
operation for removal of the left stellate ganglion on Oct 2, 1931 The usual 
changes occurred in the left eye small pupil, enophthalmos, lid lag and redundant 
conjunctiva over the sclera Enophthalmos and hd lag disappeared four months 
after the operation The dog remained healthy, with normal habits It was killed 
on May 25, 1932 The right and left lobes of the thyroid were removed 

Dog 307 — A black and tan female about 6 months old underwent an operation 
for removal of the left stellate ganglion on Oct 6, 1931 The usual changes 
occurred m the eyes and persisted until death, although enophthalmos, lid lag and 
redundance of the conjunctiva gradually receded The dog remained in good 
health and of normal habits It was killed on June 8, 1932 The right and left 
lobes of the thyroid were removed 

Dog 321— a brown female mongrel about 1 jear old underwent an operation 
for removal of the left stellate ganglion on Oct 20, 1931 The usual changes 
occurred in the left eye The dog remained healthy, with normal habits Corneal 
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ihe administration of pilocarpine,® not confirmed by others , ® both 
degeneration and hyperactive changes follow mg stimulation of 
the sympathetic nerves (hkewnse contradicted by other findings^-), 
histologic changes after division of the cervical sympathetic chain “ and 
aftei division of the laryngeal nerves , absence of histologic changes 
after bilateral removal of the laryngeal ner\e,“ and similaiity of trans- 
planted and intact thyroid glands 

Great vaiiations m the physiologj'^ of the gland, estimated by various 
piocedures, have been reported The th)'roglobuhn content of the thyioid 
has been observed to be increased following the injection of epineph- 
rine The iodine content has been observed to be decreased and 
unchanged f ollowmig the stimulation of the sympathetic trunk w hile 
another investigator reported a decrease after the division of the cerrical 
poi tion of the sympathetic trunk 

The conclusions cited previously regarding the histologic change 
m the thyioid after division of its S3mipathetic supply were based in 
some instances on observations on one or twm animals For that reason 
the pioblem w'as again undertaken, tw'enty dogs being used, all of which 
w'ere studied under identical conditions The opeiations w^ere pei formed 
wnth strictly aseptic technic Ethei w'as used as the anesthetic, the neck 
was shaied and cleaned wnth iodine and alcohol and a lobe of the 
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Fig 3 (dog 326) — The effect of removal of the left stellate ganglion and the 
right lobe of the thjroid The photomicrographs sho\i A, a section of the right 
lobe, and B, a section of the left lobe taken one month and one day after the 
operation There is no appreciable difference between the microscopic sections 








RLID-HOLMAK— REMOVAL OF 51 MP-ITHETIC GAXGLIOX 455 


studies of se\eral iin estigators The tact that great difterences exist 
beUeen normal tlnroids cannot be too strongh emphasized when one 
makes an appraisal of the results of an experiment of tins kind 

UtslLATER\t. \XD BIL\TER\L STELLATE G \XGLIOXECTOM\ 

In tins series the left stellate ganglion was remo^ed except m two 
animals, m winch both ganglions were remo\ed The th^rold was not 
disturbed Onh animals exhibiting postoperatne pupillari changes 
enophthalmos and redundant conjunctna were included m tln& serle^ 
Further proof that the cenical chain was remo\ed was gamed b\ micro- 
scopic examination After AarMiig periods ot time we could find no 
definite changes in the thiroid glands which might serce to distinguish 
them from the lobes of tlnroids remoied m the first series (table 2) 


T UiCE 3 — Comtariso)! of Lobes of the Thxroid Gland of Dons Afhr RiiiiozM 
of the Rtaht Lobe and the Left Stillalc Ganahon 
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LML\TFR.\L LORECTOMY AXD G \XGLIOXECTOM\ OF THE 
OPPOSITE SIDE 

In tins 'Jcncs tbe right lobe ot the tluroid and the lett stellate 
ganglion were renioied at the same time Again no changes could be 
seen in the remaining lobe ot the tluroid which could honesth be said 
to distingnuh it from the normal lobe (table 3) 


COXCLLSIOXS 

1 The fact that in the normal dog there are wide eariations in the 
histologic appearance of the thxroid gland is important m the appraisal 
ot tbe results of an experiment of the kind described 
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OSTEOMYELITIS OF INFANTS 

A DISEASE DIFFERENT FROM OSTEOMYELITIS OF OLDER CHILDREN 
WILLIAM T GREEN, MD 

BOSTON 

AND 

JAMES G SHANNON, MD* 

MONTREAL, CANADA 

Osteomyelitis of infants (children under 2 years of age), if one 
may judge from the literature, has usual]}' been considered a rare disease 
not essentially different from the osteomyelitis of older children This 
his been so contrary to our experience that -sve have reviewed the cases 
of patients of this age group treated at the Children’s Hospital of Bos- 
ton during the last twenty-one )ears — in all, 95 cases In this survey 
we not only haie considered the acute phases of the disease but have 
determined by recent clinical and roentgenographic examinations the 
present status of 41 patients treated m the orthopedic service during 
the aforementioned period In some instances this observation was made 
as long as twenty }ears after the original infection 

We have included cases of both acute and chronic osteomyelitis in 
this study, although primary consideration has been given to the acute 
disease On the basis of classifying a condition wnth a duration of 
one month or longer at the time of the patient’s admission to the hos- 
pital as chronic, the condition m 82 of the 95 cases -was acute and in 13 
chronic osteomyelitis In only 4 of the cases of so-called chronic osteo- 
myelitis -was the duration longer than three months, many cases were 
instances of healing acute osteomyelitis 

For general statistical information we have used the data on all 
the cases, but in the consideration of treatment we have used only those 
on cases of acute osteomyelitis, as it is only in those cases that the 
treatment Avas follow'ed throughout the course of the disease 

In the entire series the mortality rate ivas 21 per cent Separate 
consideration of the cases of infants under 6 months of age reveals 
a mortality rate definitely higher, 45 per cent, whereas in infants over 
6 months and under 2 years of age the mortality rate w'as 14 per cent 

Read in part before the Boston Orthopedic Club, ^larch 1933 
* Formerlj resident in orthopedic surgery at the Children’s Hospital, Boston 
From the Department of Orthopedic Surgerji Hariard Medical School and 
the Children’s Hospital, and the Infant’s Hospital 
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PREDISPOSING PA CTOES 

Antecedent Infection — The relationship of antecedent extra-osseous 
infection in this group is striking, in that 52 patients (table 1), or 
approximately 55 per cent, had undoubted preceding infections, as shown 
eithei by a definite histoiy oi by physical findings at the time of admis- 
sion to the hospital (We have not included such doubtful evidence as 
chronic tonsillitis and othei questionable findings ) In 43 cases the 
evidence of infection eithei was doubtful or ivas omitted from the 
history It is possible that in many instances the peison recording the 
histor} neglected to inquiie as to the presence of lecent infection 

As ma}'- be seen in table 1, infection of the respiiatory tract was 
present in 28 patients, or in approximately one half of the 52 in whom 
antecedent infection was known to be piesent Of these, 20 had 
colds, bionchitis oi soie throat 3 had pneumonia with or without emp}'^- 
ema, 2 had otitis media and 3 had infection of the lespiratory tract wuth 


Table 1 — Relation of Ertia-Osseous Infection and Tiaunia to Osteomyelitis 


Cases 


Incidence of antecedent infection 52 

Infection of respirators tract 28 

Cutaneous lesions 1? 

Omphalitis 4 

Jl/scelianeous infections 7 

No Lnoun antecedent infections 43 


Cases 


Incidence of trauma 16 

With antecedent infection 0 

Without antecedent infection 10 


No historj of trauma 79 


Other abscesses Antecedent infection of the lespiratoi) tract occurred 
in 30 per cent of the total number of cases 

Antecedent cutaneous lesions were present in 13 cases, wdiich was 
one fourth of those in which there was known to be an antecedent 
infection, or approximately 14 per cent of the entire group The lesions 
were, specifically furuncles, 4 cases, infected w'ounds, including burns, 
4 , impetigo, 2 , paronychia, 1 , scabies, 1, and eczema, 1 

Omphalitis was present in 4 cases, in each of wdiich the patient was 
in the first weeks of life Miscellaneous infections included measles, 
3 cases, chickenpox, 2, gonococcic septicemia (maternal origin), 1, and 
congenital S3'^philis, 1 

We should note that 5 patients had acute rickets and 2 w^ere mon- 
golian idiots, whose resistance to infection is notoriously pooi 

Tiaunia — The relationship of injury to osteomyelitis has been 
frequentl) debated Ullmann, Lexer ® and others * demonstrated that 

3 Lexer, Ench Zur expenmentellen Erzeugung osteomyelitischer Herde, 
Arch f khn Chir 48 181, 1894, Experimente uber Osteomyelitis, ibid 53 266, 
1896 , Osteomyelitis Experimente, ibid 52 576, 1896 , General Surgery , trans ate 
bj A D Bevan, Neyv York, D Appleton & Company, 1910 

4 Robertson, D E Acute Hematogenous Osteomyelitis, J Bone S- Joint 

Surg 25 8, 1927 
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ulceration and cataract developed in the left eje It was killed on May 20, 1932 
Both lobes of the thyroid were removed 

Dog 356 — A brown female about 154 years old underwent an operation for 
removal of both stellate ganglions on Feb 15, 1932 Both eyes showed immediate 



, ^ effect of unilateral ganglionectomy on the thyroid 

g an P otomicrographs show A, a section of the left lobe, and B, a sec- 

removal of the left stellate ganglion eight 
IS an two days preiiously, there are no striking differences between the 
microscopic sections of the two lobes 


lap- ^TiJ ^ pupils, enophthalmos, redundant conjunctiva and slight lid 

The doa- rerp^ gradually decreased but persisted until death 

The dog recened 15 grams (0 975 Gm ) of thyroid extract three times a day at 
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coccus was obtained there were 7 deaths, a mortality rate of 32 per 
cent The higher rate in cases of staphylococcic infection is further 
emphasized when one considers only cases of acute osteomyelitis, in 
which the mortality rate from streptococcic infection was 19 per cent 
and that from staphylococcic infection was 41 per cent Considering 
all cases in infants under 2 years, one sees that staphylococcic osteo- 
myelitis definitely caused a higher mortality rate than streptococcic 
osteomyelitis 

In a separate consideration of the cases of infants under 6 months 
of age, one obtains a different picture Of the 23 infants under 6 
months of age, 10 had a streptococcic infection and 6 of these died, a 
mortality rate of 60 per cent, 5 had a staphylococcic infection and 2 of 
these died, a mortality rate of 40 per cent (table 2) This suggests that 


Table 2 — Bactenologic Incidence, Slwiving a Relation of the Oigantstn and Age 

to Moitahty 


Patients Under 6 Mo Patients from C Mo to 
4II Patients of Age 2'ir of Ago 

, A , ^ A , , A.. 

Mortalitj Mortnlitj Mortalitj, 

Organism Patients Deaths per Cent Patients Deaths per Cent Patients Deiths per Cent 
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0 


1 
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19 
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0 
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13 

0 


Total 

91 

20 

21 

22 

10 

•15 

73 

10 

11 


streptococcic osteomyelitis is relatively more rirulent in infants under 
6 months of age than m older infants 

Chiomc O^teomyelitjs — Of the 13 cases of chronic osteomyelitis, 
there were 8 in which a culture was made In 5 Staph aureus was 
present , in 2, Strep haeniolyticus, and in 1 , Pneumococcus 

When one considers the relative infrequency with which Staphylo- 
coccus IS isolated in cases of acute osteom> ehtis of infants (25 per cent), 
the presence of this organism in 5 of the 8 cases of chronic osteomyelitis 
would seem to have some significance, although there are too few cases 
for one to draw any conclusions Staph aureus seems to produce 
chronic osteomyelitis more frequently than Str haemolyticus, even 
in infants 

Blood Ciiltwe — Cultures of the blood were not made as a routine 
procedure and usually were made onl}'^ when the patient was severely 
ill Of the cultures of the blood recorded for 24 cases, 10 yielded 
Streptococcus, 6 Staph aureus and 1 Staph albus-haemolyticus, and 7 
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■\arious intervals, ^\lth coincident increase in the pulse rate and loss of appetite 
but no clnnges in the e^es The dog was killed on Tune 2 The right and left 
lobes of the th>roid were reiuoaed 

Purp\ 1 — A small brown collie 6 weeks old underwent an operation for 
remoaal of the left stellate ganglion on Oct 3, 1931 There W'ere the usual 
changes on the left The pupp^ progressed well for the first two weeks post- 
operatnelj and then rather suddenh w'ent downi-hill and died, probabh of 
distemper, on October 29 At autopsa both lobes of the tharoid were removed 
Intestinal worms weie present 

Puppy 2 — A, small brown pupp\ 7 w'oeks old underwent remoaal of both 
stellate ganglions on Oct 8, 1931 The eacs showed characteristic changes bilat- 
eralh The puppv did well for three weeks and then gradualh grew' feeble and 
died Autopsv leaealed an abscess m the abdominal wall, probabh secondara to 
an infected bite The right and left lobes of the tharoid aaere remoaed 
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infection of the soft tissue, scurvy, with infection elsewhere, and syphi- 
lis are less confusing Rheumatic fevei is not a consideration at this 
age 

Sepsis of a joint frequently causes dif¥use swelling surrounding the 
joint, though usually the swelling is not as widespread as in cases of 
osteomyelitis The presence of a lesistant flexion defoimity, marked 
muscle spasm and pain on motion, associated with synovial tenderness 
and distention of the capsule, suggests sepsis of the joint Occasionally 
a joint may show considerable distention with fluid provoked by adja- 
cent osteomyelitis without the joint’s being infected, but the amount of 
fluid in a joint so involved is less than one would expect from the 
seventy and duiation of the infection, and motion is less painful 
Aspiration of the joint through clean tissue may be necessary before 
the diagnosis can be made, and even then it may be necessary to await 
culture of the fluid Sepsis of a joint secondary to adjacent osteomye- 
litis is alwa3fs a possibility, as in infants secondarj'^ sepsis of the joints 
is more common than in older patients 

Ordinarily supeificial cellulitis is easily differentiated, but cellulitis 
01 abscess of the cleepei fascial layer and suppurative bursitis may be 
veiy perplexing, and often preoperative differentiation cannot be made 
If involvement of the part is most maiked at a distance from the epiph- 
ysis, It is suggestive of a process in the soft tissues Osteomyelitis 
in children almost uniformly has its origin adjacent to the epiphysis 

The multiplicity of the lesions, the general picture and the laboratory 
observations serve to differentiate syphilis As far as scurvy is con- 
cerned, the prune consideiation is to keep it m mind in arriving at the 
diagnosis 

Roentgenogiaphy — Roentgen examination is of more diagnostic aid 
for infants than for older childien or adults, since the lesions aie visible 
at a somewhat earlier period in the disease The distribution of edema 
in the soft tissue as visible in the roentgenograms is occasionally helpful 
Likewise, the roentgenograms may be of aid in the differential diagnosis 
by demonstrating the distended capsule of a septic joint or by suggesting 
the presence of scurvy or syphilis 

In addition to early juxta-epiphyseal rarefaction, one should look for 
the formation of subperiosteal new bone, which occasionally is the 
first abnormality that can be observed 

Roentgenogiaphic observations of the course of the disease are 
illuminating The subperiosteal new bone (involucrum) is visible much 
sooner than m older persons , it usually involves half the length of the 
bone and frequently suggests that sequestration of the shaft will occur, 
but, as will be seen later, this rarely happens The healing process as 
visible in the roentgenograms likewise occurs much more rapidly than in 
older persons 
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VGE \ND SEX 

Osteomyelitis is leported as being most common between the ages 
of S and 16 yeais Fox example Wade ^ of the Ro}al Alexandria 
Hospital for Children m S^dnej Anstialia, reported on 613 cases, in 
which the highest incidence was m childien between 9 and 11 years 
He stated that in his series there w ere few patients tinder 3 months of 
age and practically none betw^een that age and 2 x ears 

On the basis of our experience osteomyelitis m the younger group 
of children is not rare This was particularly emphasized b} the fact 
that in the Children's Hospital (age limit 12 3 eais) during the last two 
years there w^ere more patients under 2 tears ot age than oter 2 3 'ears 
namel 3 , 35 We do not beliete that this represents a true lelatne age 
incidence, but it does suggest that osteomyelitis in this group is not 
unusual 

The patients in this series were e\enl 3 ’- distributed through the 
various age groups under 2 tears, 23 tyere under 6 months, the 3 oungest 
being 11 da 3 s 

There were 50 boys and 45 girls Osteomyelitis is more frequent 
in males than m females, and this has been ascribed to then greater 
exposure to trauma On this basis one tt ould not expect aii 3 particulai 
difference m this senes, and there was tert little 

BONES INtOLVED 

Klemm - reported that in 385 lesions the femui and tibia tt ere almost 
equally intolved, the femur m 111 instances and the tibia in 101 In our 
senes 121 bones were involved m 95 cases The femur tvas involved 
111 48 cases, the tibia in 18, the humerus m 16 and other bones less 
frequently Multiple lesions tvere present in 12 cases in 3 there being 
4 or more The femur tvas by all odds the bone most frequenth 
involved 

The more rapidly growing end of the bone tvas involved m most 
cases For example, m onty 12 of the 48 cases of involvement of the 
femur tt as the lesion m the upper end , m 7 the neck tvas involved, and 
in 3, the greater trochanter Liketvise, m all of 9 cases m tvhich the 
radius, with the preponderance of grotvth at the lotver end, tvas involved, 
the lesion occurred in the lotver end In the tibia, where grotvth is 
little more rapid at the upper than at the lotver end. the upper end tvas 
involved in 11 cases and the lotver end m 7 cases 

1979 ^ ^ ® Acute Osteomjehtis of Children, ll J Australia 1 264, 

,, “ ^kmm, P Beitnge ziir Kenntnis der infektiosen Osteomj elitis, Beitr z 
Klin Cliir 84 352, 1913 
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In considering the foregoing factors alone, one conceives that the 
couise of osteomyelitis m infants is quite different from that in older 
children In infants there is a pleasing contrast from the frequently 
prolonged disease with long periods of hospitalization and repeated 
surgical procedures that ai e commonly observed in older children 

Complications — The most common complications were lesions of 
other bones, sepsis of joints, pneumonia and abscesses, both fascial 
and visceral Twelve patients had lesions of more than one bone 
Sepsis of joints occurred in 11, in 9 by apparent extension from an 
adjacent bone, and in 2 as a metastatic lesion without evident involvement 
of adjacent bone Of the first mentioned group, 4 had involvement of 
the hip joint from adjacent osteomyelitis of the neck of the femur, 
3 involvement of the knee joint from the femur and 2 involvement of 

Table 4 — Siii-vev of End-Resultt m riftv-Foiii Cases in the Otthopcdic 

Depai tmciit 


Total Patient' Living 


Follow up ^o Follow up 

Examination Examination 

Deatlis in 1933 Well Last Visit 


14 


40 


8 


41 


Present status of ksion m 41 patients 


Fntirely healed clinitally and by roentgen examination o9 

Healing incomplete recent case under treatment 1 

ClinicaJlj well but roentgenograms suggest residual Infection 1 

Eesidual deformities 

Deformity present, in 4 from secondary lesions of joints 3 

None 30 


the ankle, m 1 from tibia and m 1 from the fibula There was also 1 
with involvement of the elbow joint from the lower end of the humerus 

Of the 20 patients who died, postmoitem examination was carried 
out on 10 With one exception, all the patients m this group had 
demonstrable septicemia Eight had multiple abscesses, the organs 
usually involved were the liver, heart, kidneys, lungs and skin All but 
1 had bronchopneumonia, this was paiticularly extensive in the 2 
patients who did not have multiple abscesses However, bronchopneu- 
monia IS observed rather commonly at postmortem examination, and in 
1 case the pneumonia was considered terminal Two of the patients 
with multiple abscesses had r^egetative endocarditis 

Final Piognosis — ^The most inteiestmg side of this study has been 
a recent follow-up examination of 54 patients treated in the orthopedic 
service The present status of 41 of the 46 who recovered was recently 
determined by physical and roentgen examination (table 4) Many 
of those examined had had osteomyelitis from ten to twenty years 
previouslv 

Only 2 patients m the entire group showed evidence of the per- 
sistence of osteomjHitis The case of 1 child, aged 2 years, in whom 
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osteom}ehtis can be localized in expeumental animals bj injun to the 
bone aftei the injection of oiganisms into the blood stream These 
experiments suggest that tiaiima maj uell be a factoi m piecipitatmg 
osteomyel’tis in the piesence of bacteiemia oi septicemia 

The chnical historj of tiauma is frequentl)' nniehable as pain in 
an extremit) is often ascribed to vague injuries Sixteen oi 17 per 
cent (table 1) of the patients had a histoi\ of local injur\ of minoi 
degree , of these, 10 did not hai e a hlstor^ ot antecedent infection 


B VCTCRIOLOCX 


The usual conception of osteomrehtis is that it is an infection due 
to Staph^ lococcus aureus This conception is tiue of the condition in 
older childien Staph auieiis \\as the offending organism in 91 
per cent of a series of cases in older children (from 2 to 12 jears) 
observed m this hospital , how ever in the gioup of infants Stieptococcus 
haemohticus wa^ b) fai the predominant organism 

Cultuies were made in 76 of the 95 cases (table 2) This included 
not only cases in wdnch a positive culture was obtained fiom matenal 
taken directh fiom the bone involved but also, m a few instances cases 
in which there was definite chnical and i oentgenographic eridence of 
osteomyelitis and a positu e culture of the blood w as obtained although 
the bone itself was not exposed b} operation In 48 cases or 63 per 
cent, there was a streptococcic infection, m nine tenths of these the 
organism w as Str haemohlicus Staphy lococcus w as found to be present 
in 22 cases or 30 per cent of these Staph aureus was present m all 
except 2, m which Staph) lococcus albus-haemol) ticus was present 
There w'ere 3 cases m wdnch Pneumococcus w as present and 1 in w Inch 
the gonococcus was identified b\ smear and by culture 

It IS interesting to observe that in the cases with a hlStor^ of ante- 
cedent infection of the respirator) tract the osteonnehtis was due to 
Streptoccocus in 22 of the 25 cases m wdnch a culture w as made Pneu- 


mococcus w’as present in 2 cases and Staph aureus in 2 In other w oi ds, 
the probability of the osteomyelitis being streptococcic, possibl) pneu- 


inococcic, IS certainly suggested m any case m an infant in which an 
antecedent infection of the respiratory tract was present 

Of the cases m wdnch there were pieceding cutaneous lesions, the 


organism w as Staphylococcus in 8 and Streptococcus in 5 , tins is not 
a large preponderance of staphylococcic infection but when one con- 
siders that in only 22 cases of the total group was Staph) lococcus 
obtained, it increases the relative significance of the figure 

Otgaiijsin Related to j\Io)foIify — In the 48 cases m which a culture 
° ^^^Plococcus was obtained there were 10 deaths a mortality rate 
o per cent (table 2) In the 22 cases in wdnch a culture of Staphylo- 
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Window was made through the cortical hone, though in a small per- 
centage drill holes were made for drainage 

2 Thirt3r-four cases in which indirect drainage of the bone was done 
without surgical attack on the bone itself In the majority of these 
the periosteum had ruptured at the time of operation and simple surgical 
drainage of the secondary abscess was performed In 8 cases the 
periosteum was incised before it had ruptured, and in all but 2 pus was 
obtained 

In the other group, 11 cases, nonoperative treatment was carried 
out b}^ election on 8 patients, and the other 3 were moribund on admis- 
sion and died soon thereafter 

Stagical Treatment — Direct Surgical Attack on the Bone In 
general the treatment m the cases in which a diiect decompression of the 
marrow spaces was cairied out through a -window of moderate size in 
the bone represents the usual conception of the ideal treatment of osteo- 
myelitis There might be criticism because of the interval of time that 
was allowed to elapse from the onset of the disease to the operation in 
many instances In general, it is somewhat longer for this group than 
for older childien, for whom the diagnosis can be made more easily 
and examination is made earlier in the course of the disease How- 
ever, m answer to this criticism, those operated on after a relatively 
long interval did as well as those operated on very early, as regards 
both the immediate and the final result, m fact, the 2 patients having 
the longest and stormiest postoperative convalescence underwent a 
surgical procedure on the first and second day, respectivelj^ after the 
onset 

Case 1 IS representative of the cases m which drainage was accom- 
plished by a window in the bone 

Case 1 — Osteomyelitis m the lozvei end of the 1 ight femin 

G C , a girl aged 1 year, was admitted to the hospital on April 7, 1932, with 
a complaint of irritability and pain in the right lower extremity of four days’ 
duration Her health previously had been good There was no history of immediate 
antecedent infection or injury 

Examination disclosed a moderately ill child, with a diffuse swelling of the 
lower third of the thigh, with tenderness maximal at the lower end of the femur 
A relatnely normal range of painless motion was possible at the knee joint The 
roentgenograms of the femur were normal except for edema of the soft tissues 
The temperature was 103 4 F The white blood cell count was 27,000 per cubic 
millimeter 

At operation a window was made in the lower end of the femur The w'Oiind 
was packed open w'lth gauze impregnated with petrolatum, and the extremity 
WTas immobilized in a plaster hip spica The organism present was Str 
haemobdicus 

A roentgenogram made postoperatirelj, on May 5, showed mottled rarefaction 
of the lower third of the femur, with periosteal reaction about the lower half of 
the shaft 
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gave negative lesults Six ot the ten patients with streptococcic 
septicemia died, and 4 of the 6 with staphylococcic septicemia died 

Coninieiif — The outstanding fiequency of streptococcic infection in 
cases of osteomyelitis in young children is possibly due to a greater 
geneial susceptibility to such infection in infants and is, in part an 
indication of the types of infection which they contract For example, 
sepsis of the joints of infants is likely to be streptococcic, increas- 
ing numbers of cases of staphylococcic infection being observed m the 
latei years This suggests that the infant has lelativel) less natural 
immunity to ceitain strains of Streptococcus than to Staph) lococcus and 
that from repeated infection an acquired immunity de\elops to Strepto- 
coccus, which becomes more effective as the infant grows older, this 
IS not so outstanding with Staphylococcus This suggestion is enhanced 
by the fact that the mortality late from streptococcic osteomyelitis is 
much liighei in infants under 6 months of age than in older children 

SVMPTOMATOLOGV AND DIAGNOSIS 

The early clinical picture of acute osteomyelitis in infants is not 
essentially different from that seen m older children, namely acute illness 
with the general systemic manifestations provoked b) sepsis together 
with local pam and sensitivity of the involved part (see the reports of 
cases) The severity of the onset and subsequent illness is as variable 
in this group as m older children To illustrate this variability we have 
classified the cases in this series according to the seventy of the con- 
dition at the tune of admission to the hospital into foui divisions ( 1 ) 
those in which the patient W'as not severely ill 15,(2) those m ivhich the 
patient was severely ill but not cnticall)' so, 26 , ( 3 ) those in which the 
patient w'as critically ill 20, and (4) those m -which the patient was 
moribund and the prognosis was considered totally bad, 13 To clarify 
this classification further, we should comment that in group 1 some of 
the patients had a temperature as high as 102 F and a white blood cell 
count as high as 20,000 per cubic millimeter of blood 

Of the local findings, protection and muscle spasm w^ere recognized 
earliest Tenderness at the inetaphysis is not a reliable sign at this 
age, though usually with patience definite information may be obtained 
Local edema comes on more rapidly in infants than in older persons 
and IS much more diffuse , in fact, the entire extremity may be swollen 
from a process involving a single bone, even though the infection has 
not perforated the periosteum Although ordinarilv the swelling is 
maximal at the site of the lesion, frequently it is not circumscribed 
enough to define the area involved 

Differential Diagnosis — The differential diagnosis may be difficult 
1^ ore changes occur in the bone which are visible in roentgenograms 

le more common confusing possibilities are sepsis of the joint and 
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mottlmg of the lower third of the femur with considerable subperiosteal 
new^ bone (mvolucrum), there was no gross sequestration 

Although this was the usual picture, not all in this group had such 
an uneientful course and m 2 cases there w’-as extensive sequestration of 
the type seen in older persons Case 2 is an example 

Case 2 — Ostcomychtis of fhe upper shaft of the left feiiitu 
J M , a bov aged 1 j^ear and 1 month, was admitted to the hospital on Dec 27, 
1927, with a complaint of acute illness for four dajs and pain in the left thigh for 
twenty-four hours There w'as a historj of a boil one month before the onset and 
of a fall on the day of the onset without apparent injurj 

Examination disclosed a severely ill child, w’lth slight swelling of the upper 
one third of the thigh and marked tenderness, maximal o\er the upper end of the 
lemur Gentle motions of the hip joint were not particularlj^ limited The tem- 
perature was 104 F The white blood cell count was 22,000 per cubic millimeter 
A blood culture showed Staph aureus Roentgenograms gave negative results 
At operation on the day of admission a window was placed in the upper portion 
of the femur below the greater trochanter Pus was present beneath the cortex 
The wound wms packed open with petrolatum gauze Immobilization was accom- 
plished m a plaster spica The organism isolated from the wound was Staph 
aureus 

Roentgenograms made postoperativelv on Jan 30, 1928, showed extensive rarefac- 
tion of the proximal half of the shaft of the femur, with a large mvolucrum sur- 
rounding the bone throughout its length On Mav 11 roentgen examination 
revealed the mvolucrum to be even more extensive, with definite sequestration of 
a large part of the shaft The wound continued to dram 

Sequestrectomj W'as carried out in June 3929 The sinus closed in April 3930, 
two vears and four months after the onset 

Final examination on Feb 3, 1933, fiv'e jears and two months after the onset, 
revealed the child to be entirelj’- well Roentgenograms made at this time showed 
marked thickening of the shaft, but there was no other evidence of residual infec- 
tion (fig 2) 

This child xvas likewise operated on on the da} of admission, w^hich 
was possibl} four da)^s after the onset, although there had been stmp- 
toms referable to the local area for only tw^enty-four hours The w indow^ 
was farther from the greater trochanter than the ideal site, but pus was 
obtained, the wound w^as packed open and the part wms temporarily 
fixed in plaster, although afterward the extremity wms onl} intermittently 
immobilized, and dressings w^ere changed frequent!} 

The large sequestrum, the slowdy healing sinus and the residual 
thickening suggest the usual picture of osteomyelitis in older persons 
rather than that seen in infants It was most unusual in this series 
In the onh other patient w^ho show ed an extensive sequestrum, a window 
W'as made on the second day after the onset and the organism was 
likewise Staph aureus One might suspect that the formation of a 
sequestrum w'as typical of staphylococcic osteomyelitis even at this age, 
except that m only 3 of the 22 cases m which this organism was present 
was a sequestrectomy necessar} B} comparison, m only 3 of the 48 
cases of streptococcic osteom.iehtis was a sequestrectoim needed and 
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PROGNOSIS 

Immediate Piognosis — Of the 82 patients with acute osteomyelitis, 
18 died — a moitahty rate of 22 pei cent Seventj-one of the 82 patients 
weie opeiated on 11 weie not Of the lattei group, 3 patients weie 
moiibund when they weie admitted to the hospital and died almost 
immediately Fifteen deaths occuried in the cases in which operation 
was perfoimed (table 3) 

Peiiod of Hospitahzatwn — The aveiage peiiod of hospitalization of 
the patients who lecovered was six weeks In this connection we should 
point out that fiequently the patient was kept m the hospital until the 
sinus had closed or at least needed no fuither packing In only 6 
instances was the patient admitted moie than once, and in 3 this was 
for the care of secondary lesions of joints 

Table 3 — Immediate Piognosts 


Acute osteotnyelitis 
Chronic osteomyelitis 

Total 

Average period of hospitalization 
Average duration of sinus 
Recurrences 
Sequestration 


dumber of 


Mortality, 

Patients 

Deaths 

per Cent 

82 

18 

22 

13 

2 

15 

»■— — 

■■I- ■ - 

■ — '■.» 

95 

20 

21 

6 -weeks 
12 weeks 
2 cases 

0 cases 


Diuation of the Smus and Recwiences — The average time from 
the onset until the sinus had healed was twelve weeks, although by 
omitting 3 cases this average could be reduced to eight and one-half 
weeks In all bat 3 of the 56 cases of acute osteomyelitis in which 
operation was perfoimed, healing was complete m four months, in 31 
of the 56 healing was complete at the end of two months 

Once the sinus was healed, in onty 2 cases was there a recurrence 
In both instances drainage persisted for two weeks, and the sinus closed 
voluntarily and remained healed 

Seqnesti ation Sequestration was comparatively rare In only 6 
cases 11 as sequestrectomy necessary , these were the only cases in which 
gloss sequestiuins weie present although in 2 cases of osteomyelitis of 
the neck of the feinui there was a gradual absorption of the head after 
the sinus was healed As previously mentioned, roentgenograms made 
duiiiig the course of the disease frequently suggested that sequestration 
would occur, but it did not materialize 

In only 20 of the 95 cases was there more than one operation, and 

in 10 of these the operation was for a lesion other than the primary 
osteomj ehtis 
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consisted meiely of making an incision into the secondary abscess, pack- 
ing it wide open with petrolatum gauze and immobilizing the part The 
following cases may be considered m this group 

Case 3 — Osteomychtis of the 1 ight ulna 

R L, a bo> aged ] jear and 8 months, was admitted to the hospital on 
July 16, 1932, with a complaint of acute illness and pain in the right upper 
extremity of five days’ duration His health previously had been good, but he had 
had a rather severe infection of the respiratory tract for the two weeks preceding 
the present illness The arm had been immobilized for four dajs immediately 
preceding admission 

Examination revealed the child to be moderately ill, with a marked, diffuse, 
tender swelling from the wrist extending upward beyond the elbow Motions of 
the elbow and wrist joints were normal The temperature was 103 6 F The 
white blood cell count was 23,000 per cubic millimeter Roentgenograms gave 
negatue results, except for evidence of swelling of the soft tissues 

At operation the abscess was drained (the bone was not explored) Immobi- 
lization was effected A culture of material from the wound showed Str 
haemolyticus 

On August 16 the roentgenologists reported considerable destruction of the 
ulna with a large amount of irregular bone surrounding it The shaft seemed to 
be forming a sequestrum 

The wound healed in six weeks 

Final examination on Feb 27, 1934, eighteen months after the onset, revealed 
the lesion to be entirely healed The roentgenogram at this time showed the bone 
to be apparently normal (fig 3) The sequestrum did not materialize 

Case 4 — Osteomyelitis of the lozvii end of the left ladius 
E L , a girl aged 1 year, was admitted to the hospital on Nov 20, 1932, with a 
complaint of an acute illness of twenty-four hours’ duration, associated with pain 
and swelling of the left forearm The child’s general health had been good pre- 
vious to the present illness except for an infection of the respiratory tract during 
the preceding week 

Examination revealed the child to be quite ill, with tender swelling of the distal 
half of the left forearm Movement of the wrist joint was not particularly painful 
The temperature was 104 2 F The white blood cell count was 29,400 per cubic 
millimeter A roentgenogram showed no abnormalities 

At operation on November 21, the abscess was drained, the wound was packed 
with petrolatum gauze and the arm was immobilized in plaster A culture of 
material from the wound showed Str baemol>ticus 

On December 23 the roentgenologists reported that the radius showed a 
considerable amount of generalized mottled absorption of practically the entire 
shaft, with a moderate amount of subperiosteal new bone surrounding the shaft 
The sinus healed two months after the onset In February 1934, fifteen months 
after the onset, the forearm was apparently normal on both clinical and roentgen 
examination (fig 4) 

Case 3— Osteomyelitis of the uppci end of the left tibia 
H F, a boy aged 4 months, was admitted to the hospital on Dec 28, 1932, with 
a complaint of an acute illness of five days’ duration, associated with pain in the 
left leg The day before admission to the hospital the patient would not more 
his leg, and the mother noted that it was swollen His health, previous to a per- 
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111 Novembei 1932 theie developed acvite osteoni} elitis of the neck of 
the femur, the ilium and the fibula associated with stapln lococcic septi- 
cemia IS subsequent!} discussed as case 7 The othei patient had acute 
osteomyelitis of the temur in 1927 and although she has been fiee 
trom symptoms since that tune with unlimited activiti loentgenogiams 
suggest the presence of a smoldering lesion In 2 cases a recent 
examination show’ed consideiable lesidual thickening of the bone but 
no clinical or roentgenologic CMdence of actiiit} (case 2) Roentgeno- 
grams 111 the othei cases showed the lesions to be healed 

There w'ere 5 cases with lesultant defoiniiti In 4 the defect lesiilted 
from secoiidaiy sepsis of the joint in the othei, after a too extensive 
operation veil eaih in the couise of the disease the ladiiis regenerated 
poorly, with ankylosis to the ulna Of the cases ot defoimiti due to 
mvohemeiit of the joints m 2 the detoiiiiit} was of the hip with 
absorption of the head of the feiiiui in 1 of the knee with ankilosis 
and in the othei of the elbow The last-mentioned case was one of 
recent involvement , there was little residual deformiti and the condition 
IS still improving 

Theie w'as some tendenci for the involved bone to be a little shorter 
than Its fellow in 5 cases, but in no instance except when the joint 
was involved was the diffeience o\ei inch (12 cm ) There were 
no cases of residual lengthening 

The present status of the youngei patients foims a striking contiast 
to the usual pictuie of osteomyelitis We have been able to determine 
the present state of 41 of the 46 patients now living who were tieated 
in the oithopedic service m onl\ 2 cases was there ani suggestion 
of the presence of residual osteomyelitis 1 a recent case in which there 
w'as healing and anothei a case in which there w'ere no SMiiptoms In 
all but 1 case the deformity was due to involvement of the joint In 
inanv cases of extensive destruction during the acute jirocess one could 
find eiidence of the original lesion in the i oentgenograms with 
difficulty and in seveial not at all 

This contrast to the pictvue of the disease m oldei children is further 
emphasized bi the relative!} brief duration of the disease m infants 
with lapid healing, infrequent sequestiation and rare lecurrences 

TRE VTMENT 

For consideration of the treatment of acute osteoiii} ehtis w e have 
classified the cases m two groups 71 cases in wdiicli there was surgical 
intenention and 11 cases m wdiich treatment was nonoperatne The 
first gio'ip mai be subdivided as follows 

1 Tliirti -seven cases m which drainage of the bone w'as done b\ 
a surgical procedure direct!} on the bone In the majoriti of these a 
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sistent infection of the respiratory tract which had developed one month before 
had been good 

Examination revealed the child to be critically ill, with a diffuse, tender swelling 
of the leg, maximal just below the knee The temperature was 106 2 F The white 
blood count was 30,000 per cubic millimeter A roentgenogram showed nothing 
abnormal 

At operation the abscess was drained, the wound was packed with petrolatum 
gauze and the leg was immobilized in a plaster cast Culture from the wound 
showed Str haemolyticus 

A roentgenogram made on Jan 10, 1933, showed irregular destruction through- 
out the shaft of the tibia, with a surrounding mvolucrum extending the length of 
the bone There was slight anterior and lateral displacement of the upper 
epiphj'sis of the tibia 



Fig 5 (case 5) — A, made three weeks after the onset, shows marked 
destruction of the shaft of the tibia, with displacement of the upper epiphysis B, 
made one month later, shows remarkable healing m a brief period Note the 
suggested narrowing of the epiphyseal line Treatment was limited to drainage 
of the abscess 

The w’ound healed in three months 

Roentgenograms made on February 20, three months after the onset, showed 
healing, with no evidence of sequestration There was a suggestion of narrowing 
of the epiphyseal line (fig S) 

In all 3 of the patients localization had occurred, and the pus had 
ruptured through the periosteum The surgical procedure consisted 
merel}^ of draining the abscess in the soft tissue adequately and of 
immobilizing the part All the patients were severely ill at the time 
of admission, and the roentgenograms made subsequently in each case 
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The patient was discharged from the hospital on Tune 3 The sinus healed two 
and one-half months after the onset 

Final examination in October 1933 (eighteen months after the onset) showed 
the e\tremit\ to be normal in all respects except for the postoperatn e scar Roent- 
genograms at this time showed little eMdence of the former lesion (fig 1) 

The child was model ateh but not criticalh ill She was operated 
on the da^ after she was admitted to the hospital which was fi\e dais 
after the onset There w as no pus imniediateh beneath the pei losteuin 



Fig 1 (case 1) — 4, made one month after the onset shows mottled destruction 
of the lower third of the femur, with subperiosteal new bone about the lower 
half of the shaft B, made one and one-half a ears later, shows little eiidence of 
the former lesion Treatment was b\ surgical inter\ eiition , a window was placed 
111 the bone adjacent to the epiplnsis 


but a moderate-si/ed window m the cortex reaealed pus The wound 
was packed open with petrolatum gauze, and the part was immobilized 
in a hip spica which was bnahed Dressings with replacement of the 
petroiatum gauze w ere done at w eekh intera als There w as une\ entf ul 
and rapid recox eu and although the earh roentgenograms showed 
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count was 22,000 per cubic millimeter The reaction to tuberculin was negative 
Roentgenograms showed an area of absorption in the neclc of the femur 

Nonsurgical treatment was instituted, with immobilization bv means of a 
wire splint with the leg m abduction Roentgenograms made on Jan 19, 1932, 
showed rarefaction of the neck of the femur, with a subperiosteal deposit of new 
bone about the upper third of the shaft of the femur 

Final phjsical examination on Feb 24, 1933, fifteen months after the onset, 
showed the extremity to be normal Roentgenograms made at this time showed 
complete healing, with slight residual thickening of the neck The organism 
was not knowm (fig 6) 


The 5 inildl}' ill patients who weie treated by immobilization recovered 
completely as did the patient in case 6 The following case is one in 
Avhich a critically ill patient was treated without surgical intervention 



Fig 6 (case 6) — A show's an area of destruction in the reck of the femur 
with mild subperiosteal reaction for half the length of the shaft B, made thirteen 
months later, show's the lesion completely healed Treatment was bi immobilization, 
without surgical intervention 


Cask 7 — Ostcomyehfis of the neck of the Jeff feiinn 

A kl , a boj aged 2 j ears, w'as admitted to the hospital on Nov 4, 1932, w ith 
a complaint that three dais before pain had developed in the left lower extremiti, 
associated w'lth a rapidlv dei eloping acute illness The past history was signifi 
cant m that the patient had recently had several boils, and two days before the 
onset of the present illness he had fallen on a furuncle of the right buttock, 

rupturing it , c u 

Examination revealed a critically ill, rather stuporous child, w'lth Ins left inp 
held in flexion by muscle spasm There was a suggestion of fulness over the 
capsule of the hip loint Tenderness could not be definitely localized kVhen the 
extremitj w'as handled with care a large amount of relatneh painless motion at 
the hip joint could be obtained and the flexion deformiti could be reduced Ihe 
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there were no sequestrums ol the size seen in the 2 cases reported 
Staph\ lococcic osteom\ ehtis e\en at this age seems more hkeh to 
pioduce evtensne sequestration than streptococcic osteom\ehtis 

Drainage W ithout Surgical Attack on the Bone The 34 cases in 
this group represent a less orthodox method ot therap\ though as men- 
tioned bv Lew IS ' simple incision tor patients ot all ages w as ad\ ocated 



Big 2 (cn‘:e 2) — A shows a picture of osttonis elUis a-- frequenlK seen in older 
children Onh m this case and in one other was this t\pe of sequestration 
obsencd The roentgenogram made just preiious to sequestrcctoiin shows the 
sequestrum well outlined B, made three and one-halt a ears later shows residual 
scarring but no e\ idence of actn ib There haa e been no sa niptoiiis for tw o a ears 
The primara surgical procedure was the lonnation ot a a\ widow in the bone four 
daas atter the onset 

b\ Trendelenburg \\ ilms and Sauerbruch At the tune of operation 
the bone was not disturbed m the majonti of cases the procedure 

a Lewis Dean Acute Oskoim ehtis, T A ^r A. 92 783 (March 9) 1929 
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A roentgenogram made on January 20 showed destruction of the greater part 
of the head of the femur, with lateral luxation 

On final examination, on March 4, 1933, the child walked with a lurch on the 
right, with the extremity in about 25 degrees of external rotation Although the 
hip was fairly stable, there was limitation of all motions, with extension to 
neutral, flexion to 55 degrees and external rotation to within IS degrees of neutral 



Fig 7 (case 7) — A, made one month after the onset, shows extensive destruc- 
tion in the neck of the left femur, with a reaction m the upper third of the shaft 
There is an area of rarefaction in the ilium also B, made three months later, 
shows considerable healing the arrows indicate areas of destruction C, made 
nine months later, shows the lesion in the lower end of the femur nearly healed. 
The upper lesion has not vet healed and is still under treatment Treatment was 
bj immobilization, vvathout surgical intervention 


There was mch (15 cm ) shortening A roentgenogram showed absence of 
the head, with the neck articulating with the acetabulum (fig 8) 



Fig 3 (cnse 3) — -1 made one month niter the onvet "•iwws. e\tenM\e dt>truc- 
tion throughout the shaft of the uhn, with an irnguhr depo-iton of new bone 
B made two months later shows healing and C made eighteen month*- later 
shows the ulna apparenth normal Treatment was hunted to drainage ot the 
abscess 



Fig 4 (case 4) shows exteiisne destruction throughout the shatt of the 
ra ms and B the bone apparenth normal fifteen months later Treatment was 
nniited to drainage ot the abscess 
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On the basis of this limited experience we do not recommend con- 
servative treatment m all cases of osteomyelitis of the neck of the femur 
in patients at this age We do recommend, however, that if the patient 
IS carefully observed, a conservative attitude may be taken, and fre- 
quently surgical procedure may be avoided If there is evidence that 
the process ruptures into the joint, the joint should be drained, or if 
there are other indications for operation, it should be carried out 

COMMENT AND CONCEPTION OF TREATMENT 

In contrast with the osteomj elitis of older persons is the osteo- 
myelitis of infants, with its relatively brief duration, infrequent 
sequestration and rare recurrences To what do we ascribe these dif- 
ferences ^ 

They are due m part to the fact that Staph aureus is less frequently 
present in this group Staph aureus is a destructive organism whether 
it involves soft tissue or bone and produces sequestration more often 
than Str haemolyticus in patients of any age,® but there is not so 
striking a difference as there was in this series 

It IS our opinion that certain anatomic and physiologic features in 
bones themselves are a considerable factor Osteomyelitis in general 
may be considered “a cellulitis of bone,” with death of tissue from 
the direct activitj of the infection and from disturbances of the vascular 
supply, Mhich seem to be m part mechanical Ihe necrosis causes the 
extensive sequestration seen in dense cortical bone 

In the bones of infants certain factors militate against this occur- 
rence In infancy the vascular spaces are larger and the bone is of 
spongy texture, even in the so-called compact portion, as suggested by 
Bardeen , ® the bony tissue has a much larger soft tissue element and 
generally less rigidity This construction allows freer communication 
between the marrow and the subperiosteal spaces and thus provides a 
mechanism for a decompression by rvhich the pus from the juxta- 
epiphyseal area and marrow cavity is able to pass to the subperiosteal 
space Ordmaril}^ osteomyelitis has its origin in the metaphj^sis 
(fig 10), and Starr’s ^ opinion was that the infection passes from there 
through the thin cortical bone and appears subperiosteally It may be 
seen in figure 9 that although the cortical bone is thinner at the 
metaphysis than elsewhere in older children, it is particularly thin in 

6 Bardeen, C R , Keibel, F, and Mall, F P Manual of Embr>olog>, 
Philadelphia, J B Lippincott Company, 1910 

7 Starr, C L Acute Hematogenous Osteomj ehtis, Arch Surg 4 567 
(Mav) 1922’, Acute Infections in Bone, in Robert Jones Birthday Volume, London, 
Oxford University Press, 1928, p 183 
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suggested extensive sequestration although in no instance did this 
occui The sinuses healed lapidl}, as did the bone 

These cases aie lepiesentative of the group in which diainage was 
accomplished without attacking the bone although also in this group 
are those cases in which the peiiosteum was incised either befoie oi 
aftei the presence of gioss pus Case 5 is lepoited because the early 
roentgenogram showed displacement of the epiphysis (the child’s 
extrem’ty was not protected foi the five dajs pievious to admission), 
and the final one suggested some residual nai rowing of the epiphyseal 
line 

A statistical comparison of those cases in which treatment by diam- 
age of the abscesses of the soft tissue \\ as employed and those m which 
direct drainage of the bone u as used has show n little difference m either 
immediate and final outcome In the amount of bone involved, as view^ed 
b) subsequent roentgenograms, metastatic lesions and the interval for 
the sinus to heal, no differences w'ere noted Of the 37 patients treated 
b) operation on the bone, 7 died of the 34 treated by diamage of 
abscesses of the soft tissues, 8 died How'evei, it is difficult to make 
a direct statistical compaiison unless contrasting opeiations are earned 
out on patients wuth a similar condition, and only more recently has 
this been done For example in some of the cases in wdnch drainage 
of the abscess alone was earned out, the patient w^as in such poor 
condition that no moie could be done This w'as natuially unfavoiable 
to the statistics for the group 

It IS interesting that there w'as only 1 case in the gioup in wdnch simple 
drainage w'as used m wdnch it w'as necessary to perfonn a sequestrec- 
toni) In this case operation w'as performed on the second da}”- of the 
disease, and the periosteum w'as incised before localization had occurred , 
subsequently it w'as necessary to lemove a sequestrum the size of a pea 
On the other hand, in case 5, with similar treatment, there is some 
residual narrowung of tlie epiphyseal line, and it wull be necessary to 
folIow’^ tins case to see w hether or not growth is in any w^ay affected 

Noiisja gical Tieatiiieut — Of the 8 patients who by choice w^ere 
treated without surgical intervention, 2 weie critically ill, with cultures 
of the blood showing, lespectively Str haemolyticus and Staph aureus, 
1 W'as moderately ill, and 5 w'ere mildly ill The following case is rep- 
resentative of those of the mildly ill patients 

Case 6 — Osieomychhs of the neck of the light femin 

M M , a girl aged 1 year, was admitted to the hospital on Nov 21, 1931 
Ten da>s previousH the child became irritable and feverish and refused to walk She 
was not particularlj ill, but all motions of the hip were painful There was onlj 
moderate muscle spasm The temperature was 100 6 F The white blood cell 
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examination of the involved bones What necrotic bone there is is 
rapidly absorbed by a process of autolj^sis (fig 12) Incidentally, osteo- 
clasts are conspicuously infrequent where this process is taking place 
The formation of new bone in the process of healing is remarkably 
rapid in infants This is seen not onl}'- in the roentgenograms but par- 
ticularly m microscopic sections of involved bone in Avhich as soon as 
a week after the onset subperiosteal new^ bone may be noted m many 
instances (figs 10, 11 and 12) In other words, not only is the dead 
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Fig 10 — Photomicrograph of the lower end of the femur adjacent to the 
metaphysis in a 1 month old infant, showmig an osteomiehtic process of tw'o 
weeks’ duration Note the necrosis and beginning absorption of the trabeculae 
(d), the thin cortical bone (b), areas of cellular infiltration of the acute inflam- 
mator 3 tjpe (e) and the surrounding subperiosteal new' bone (/) Hematoxylin 
and eosin, approximately X ^0 


bone rapidly absorbed, but the process of healing is equally rapid This 
combination of a natural method of decompression with the additional 
factors of rapid absorption of the necrotic bone and equally rapid heal- 
ing would seem to ser\e as an explanation for man) of the differences 
between the disease of intants and that of older persons 
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tcrnp^rxturc ViSs 106 F the pulse rste \\ss ISO and the \\liite blood cell count 
was 23,000 per cubic nnllimeter Repeated cultures of the blood iielded Staph 
aureus 

At the time of admission the diagnosis was not definiteh made, though osteo- 
myelitis of the neck of the femur was suspected 

Nonsurgical treatment was instituted, with immobilization br traction and 
general sjstemic support The temperature progressneh approached normal 
Improvement was so marked that b\ the time the diagnosis could be made defi- 
nitely, continued conserratne therapy y\as indicated 

A roentgenogram made on Noyember 14, ten days after admission, showed a 
slight amount of irregular erosion of the neck of the femur adjacent to the 
epiphyseal line Lesions were demonstrated m the left fibula as yvell as in the 
right ilium , 

The temperature was normal from the fourteenth day after admission, except 
on one occasion, yyhen folloyying remoyal of traction there yyas immediately a 
flare-up of feyer, with subsidence when the traction \yas replaced 

A roentgenogram made on Jan 23, 1933, the first yyhich included the loyyer end 
of the right femur, showed an area of rarefaction adjacent to the distal epiphjsis, 
the other lesions yyere smaller and less distinct A roentgenogram made on 
February IS, fourteen yyeeks after the onset, shoyyed further healing, and at that 
time the patient yyas gnen a non-yy eight-bearing brace and was discharged from 
the hospital 

Folloyving oyeractnity at home he returned on March 23, yyith a temperature 
of 103 F and marked muscle spasm yyith limitation of all motions of the hip 
The yyhite blood cell count yvas 15,600 A culture of the blood gaye negative 
results Traction yyas applied to the extremity The muscle spasm rapidly dis- 
appeared, and there yvas subsidence of the temperature to normal by the fifth 
day after admission The patient yyas discharged m a hip spies on April 20, one 
month after admission 

The last roentgenogram made, in August 1934, slioyyed the lesion of the femur 
to haye decreased m size, but it yyas not healed completely All motions of the 
hip yvere painless The area m the ilium yyas still yisible in the roentgenogram, 
although at no time had the patient had symptoms referable to this area (fig 7) 

The folloyying case in yyhich osteomyelitis of the iieck of the femur 
yyas treated by surgical intery'ention is reported for contrast yyith case 7 

Case 8 Ostcoiiivchtis of the neck of the right femur 

H P , a boy aged 1 year and 2 months, yyas admitted to the hospital on Dec 9, 
1929 The onset, on Noyember 14 yyas marked yyith a temperature of 103 F and 
pain m the right thigh The sy mptoms continued until the time of admission The 
particularly ill but protected his right hip, yyhich shoyyed a deformity 
0 degree flexion, yvith all motions painful and a suggestion of distention of 
the capsule of the hip joint The temperature was 100 2 F The yvhite blood cell 
count yyas 17,000 per cubic millimeter A roentgenogram shoyyed an area of rare- 
faction adjacent to the epiphjseal line 

Operation yyas performed on December 12 A yyindoyy yyas made in the neck 
ot the femur bj posterior incision (according to the method of Ober) There 
was no '51 the joint, but thick purulent material yyas present in the neck of the 
rp 1 ‘iififier dam yvas introduced The organism present yvas Staph 

aureus Traction was used, though not constantly, until Jan 23 1930 when a 
plaster spica was applied and the child was discharged from the hospital 
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many, though they are greatly m the minority, who advocate waiting 
as a general rule The decision depends on balancing the argument 
between the possible danger of operating on an early diffuse inflamma- 
tory process and that of allowing an infection to progress in rigid walls, 
with resultant increased necrosis of bone As far as infants are con- 
cerned, and clinically it has seemed that the age of 2 years is a flexible 
but fairly definite dividing line between infancy and childhood, the 
importance of the latter is greatly minimized Infants have a natural 
method of decompression which uorks effectively, with sequestration 
a rare accompaniment Certainty the evidence suggests that waiting for 
localization should do little harm 



Fig 12 — Photomicrograph of osteomyelitis of the fibula of nine days’ duration 
in an infant of 1 year and 2 months Note the autolysis of the necrotic bone (6) 
as surrounding subperiosteal new bone (/) is laid down The area indicated by 
g IS an artefact, i e , separation in preparation Hematox> lin and eosin , approxi- 
mately X 30 


This IS fortunate, for the accurate determination of the site of an 
early lesion in a child of this age is difficult Without this exact deter- 
mination, many needless and harmful surgical procedures may be under- 
taken, particularly if the child is desperately ill or there is a complicating 
infection of the respiratory tract 

In recent jears it has not been our chief concern to operate on the 
patient at the earliest possible moment particularly if the site of the 
lesion cannot be definitely localized or there is some contraindication 
to operation from the general condition of the patient We have fol- 
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Case 8 is an example of those cases ot osteoim'-elitis of the neck 
of the femur m ^\hlch treatment was suigical Of the 3 cases, there 
were slow dismtegiation and complete destiuction of the head of the 
femur m ? and n the third the patient died 

On the other hand of the 3 patients with osteonn ehtis of the neck 
of the femur treated without operation 2 weie well at the time of the 
last examination wheieas the third (case 7) although desperateh ill 
on admission with an exteiisne process multiple lesions and Staph 
aureus septicemia showed healing though roentgenograms showed that 
the lesion was not completeh healed E\en if the diamage of the small 
residuum is necessan latei it should not distuib the circulation of the 
head of the femur This patient s lesions healed slow l\ but it is to 



Fig 8 (case 8) — 4, made three weeks after the onset and just pre\ious to 
operation, shows the large area '.of destruction in the neck of the right femur 
B, made three ’lears later, shows complete destruction of the head of the femur 
Treatment was bi surgical intervention, a window being made in the bone 

be remeiubeied that the child was at the upper limit ot the age group, 
2 rears, and that the organism was Staph aureus 

A }ounger child with osteoimehtis of the neck of the femur and 
the blood showing Str haemohticus almost as sick as the patient in 
case 7 was treated without surgical inteivention The patient is com- 
pletelr well 

Ihe principal reason foi treating patients with osteomr elitis of the 
neck of the femur br conservatn e means has been the difficult} in earh 
lagnosis and of surgical attack with the added factor that so far 
patients so treated ha\ e done better than those w ho underw ent operation 
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reports of representative cases Case 7 particularly illustrates the value 
of protecting the part, m that when the traction was removed on two 
occasions there was an exacerbation of the symptoms Not only do 
we feel the importance of immobilization as a preoperative and imme- 
diate postoperative measure, but we consider that the part should be 
immobilized until the sinus has healed and there is definite evidence in 
the roentgenogram that the bone is healing The only exception to this 
rule occurs when there is secondary involvement of the joint 

Our moitaht} rate has been gradually decreasing under this regimen 
There has been only 1 death in the last 20 cases, and that was in an 
infant 3 weeks of age with primary omphalitis, Staph aureus septicemia, 
multiple visceral abscesses and involvement of six bones 

SUMMARY 

Nmet 3 '’-fiA’'e cases of osteomyelitis in infants (children under 2 years) 
are reported on, 35 of which have been observed m the last two years 
In 82 the condition was acute and m 13 chronic (i e , duration over 
one month at the time of the admission to the hospital) 

Osteomyelitis m infants is not a rare disease 
The mortality rate for all cases was 21 per cent The rate vas 
definitel}^ higher m patients under 6 months of age (43 per cent) The 
rate in patients from 6 months to 2 years of age nas 14 per cent 

Streptococcic osteomy^elitis occurs twice as frequently as staphylo- 
coccic osteomyelitis in infants 

Antecedent infections vere present in 55 per cent of the cases 
Fifty per cent of the complications were infections of the respiratory 
tract, 25 per cent vere cutaneous lesions, and the othei 25 per cent 
were such miscellaneous infections as omphalitis and chickenpox 

When associated ivith infection of the respiratory tract, osteo- 
myelitis -was due usually to Str haemoly ticus, occasionally to 
Pneumococcus and rarety to Staph aureus ^^dlen associated ivith 
cutaneous lesions the organism ivas more likely to be Staph aureus 
There ^vas a history of mild trauma in 17 per cent of the cases 
In the entire group of cases of acute osteomyelitis there w'as a higher 
mortality rate wnth staphylococcic than with streptococcic infections 
whereas in infants under 6 months of age streptococcic osteomy^elitis 
caused a relatively higher rate 

A diagnosis is made later in the course of the disease in cases in 
infants than in those in older persons 

Differential diagnosis demands the particular consideration of sepsis 
of the joints, infection of the soft tissues and scurvy wnth infection 
elsew^here 
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infants This allows in infants a free communication from the original 
site of the osteonyehtis to the subpeiiosteal space The periosteum is 
more loosely attached in infants and further aids in the decompression 
The roentgenograms of the patients m this series suggest extensive 
subperiosteal dissection, if one may judge from the distribution of new 
bone It IS the usual thing for subperiosteal new bone to be evident 
from one half to the full length of the shaft, and, as may be seen in 
figure 11, this reaction extends down the shaft much farther than the 
involvement of the coitical bone and mairow space 

Once the pus is beneath the peiiosteum, the periosteum may ruptuie 
without sequestiation, as occurred m 26 of our cases in which operation 



Fig 9 — Photomicrograph of normal ribs at the metaphysis (A) m a premature 
infant and (5) m a child of 11 years In A note that little cortical bone (b) is 
present at the metaphysis, allowing a rather direct communication between the 
marrow and the subperiosteal spaces The cortical bone m the remainder of the 
shaft shows relativelj larger haversian canals than are seen m older persons 
There is a contrast with B, m which there is a relatively thick layer of cortical 
bone (b) at the metaphysis, although even at this age the cortical bone at the 
metaphysis is relatively thin as compared with the remainder of the shaft In 
lAis illustration a ind cates periosteum, b cortcal bone, and c the epiphjseal line 
Hematoxylin and eosin , approximately X 30 

vas not performed until after the periosteum had ruptured In other 
uords, there is an orderly decompression b}'’ nature without gross 
sequestration except in rare instances 

Further factors which seem to explain the rapid healing of the 
esioiis and the infrequency of sequestration are suggested by histologic 
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The therapy we have adopted js based on the following considera- 
tions 

(a) The care of the patient rather than the osteomyelitis is the 
important consideration 

{^) Surgical intervention at an early period m the disease is not 
essential If the condition of the patient is satisfactory and the lesion 
can be located definitely before operation, an operation may be per- 
formed 

(c) If surgical intervention is contraindicated by the general con- 
dition of the patient, the part should be immobilized and supportive 
treatment should be given Delay does not increase the danger of 
sequestration, which is remote in an)' instance, and particularly so if 
the offending organism is Sti eptococcus 

(d) If an operation is performed on the bone it should not be 
extensive 

(e) Adequate drainage of the fluctuant abscess m infants, without 
operation on the bone seems to give as satisfactory results as a more 
extensive procedure If the abscess is drained a prolonged search for 
the lesion in the bone should never be made 

(/) Packing the wound open with petrolatum gauze combined with 
immobilization m a plaster cast is a desirable method of treatment The 
cast should be bivalved to allow for dressings The first dressing should 
not be made until ten days after the operation, thus allowing granulation 
tissue to line the wound At that time dressing can be done painlessly 
Dressings are done at weekly intervals thereafter with replacement of 
the petrolatum gauze 

(g) The part should be immobilized until the wound has healed 
and there is evidence of healing in the roentgenogram 

Since this therapy was instituted our mortality rate has greatly 
decreased There has been only 1 death in the last 20 cases 

CONCLUSION 

Osteomyelitis of infants differs greatly from osteomyelitis of older 
children, not only in many clinical features but also in many principles 
of therapy 

Note — Since this paper was prepared, we have seen an article by 
Paschlau® in which the author pointed out differences between the 
osteom3'elitis of infants under 1 year and that of older children He 
contrasted the pathologic process and certain clinical features of the 

9 Paschlau, G Die Besonderheiten der Osteomyelitis im fruhen Kinders- 
alter, Monatschr f Kinderh 55 280, 1932 
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Ordinarily a patient with cellulitis generalh speaking does better 
A\hen the process is allowed to localize than when it is incised earh, 
particularly if the infection is streptococcic On this basis there are 



Fig 11 4 IS a photomicrograph of the midshaft of the same bone as that seen 

m figure 10 Note the extensive la\er of subperiosteal ne^^ bone (/) surrounding 
the Iniiig bone of the shaft {b) The subperiosteal new bone extends much 
farther down the shaft than the imohement of the cortical bone Hemato\^lIn and 
eosm , approxiimteK X 30 B is the same as A m higher magnification (approxi- 
mated X So) Hematox\lin and eosin 







IMMUNOLOGY OF OSTEOMYELITIS 

PAUL F STOOKEY, MD 
LOUIS A SCAEPELLINO, MD 

AND 

JAMES B WEAVER, MD 

KANSAS CITY, MO 

Hematogenous osteom 3 ^elitis is consideied a surgical pioblem It is 
our belief that antecedent to the presenting surgical problem of acute 
osteomyelitis is the fact that susceptibility to this infectious process 
depends on the presence or the absence of immunologic defenses in 
the host These defenses are the preeminent factors in susceptibility, 
acuteness and cbionicity, and they may determine the mortality and the 
tendencj' to recurrence 

In the hands of expeiienced suigeons operative technic has reached 
a supreme degree of perfection No one questions that surgical inter- 
vention foi osteomyelitis is frequentl}? a hfe-saving procedure and 
markedly shortens the course of the chronic infection In the face of 
these facts the incidence of osteomyelitis remains the same, and the 
percentage of recurrences in pioperly handled cases still remains higli„ 
This evidence warrants a stud}’- of the immunologv of this infectious 
process m an attempt to throw some light on the problem of susceptibility 
and of lecurrence 

This paper is confined to a consideration of hematogenous osteo- 
myelitis In over 90 per cent of the cases the staph 3 dococcus is the 
invading organism and is obtained in pure cultuie Pigment-producing 
strains predominate Let it be recalled that in every case osteomyelitis 
IS at its inception a bacteremia The blood in a majority of cases even- 
tually sterilizes itself, vith the localization of the invading bacteria 
m certain bones If the infection is virulent and the body defenses are 
inadequate, multiple bones may become involved with a recurrence of 
bacteria in the blood 

When one attempts to estimate accurately the percentage of deaths 
due to acute osteomyelitis, a wide discrepancy of individual statistics is 
noted However, a compilation of statistics gathered from various 
competent observers places the mortality at approximately 10 per cent 
From the registration area of the United States during the years 1930, 
1931 and 1932, 3,160 deaths were reported from osteomyelitis^ It is 
significant that 90 per cent of the deaths occur within the first two weeks 

From the Contagious Serr ice of the Kansas Cit 3 ’ General Hospital, in collabora- 
tion ruth the Department of Orthopedic Surgerr 

1 Bureau of the Census, l^fortalitv Statistics, 1930, 1931, 1932, Washington, 

D C, Gorernment Printing Office 
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lowed the practice of immobilizing the part, usually with poulticing, and 
of givine general supportive therapy Almost without exception the 
children have impioved following this regimen Once the site of 
the lesion is definitely recognized and the child is considered a good 
surgical risk or at least the possibility of improving his condition for 
operation is no longei present, one should consider operation However, 
111 many instances m our series we deliberately waited until the abscess 
became localized and fluctuation was palpable before carrying out a 
simple drainage of the abscess, without any operative procedure on the 
bone It being remembered that the immediate danger of the acute dis- 
ease IS the foremost consideration with young patients, this attitude allows 
a minimal amount of surgical trauma and permits the time of operation 
to be chosen with full consideration of the patient’s condition The 
patients m these cases have done very well, and the course compares 
most favorably with that in the others In none of them has there 
been sequestration oi has the sinus failed to heal within four months. 
Neither has the incidence of sepsis of the joints been greater, although 
more cases must be observed to determine this point with finality 

Whether this method of allowing localization of the abscess with 
simple drainage is preferable to making a window m the bone at an 
earhei time, we cannot say In any event, if the abscess is drained a 
prolonged search for the lesion in the bone should not be made nor 
should the opeiative procedure be complicated in order to make a window 
m the bone 

The way m which the infection has been taken care of m the cases m 
which conservative treatment was followed further aids one’s concep- 
tion of the disease in infants Mild, acute osteomyelitis may take care 
of itself without drainage following immobilization , occasionally this is 
true in cases in which the patient is severely ill 

Postopoatwe Cai e — It is our usual practice to pack the wound wath 
petrolatum gauze and immobilize the part with a plaster cast which is 
bivalved The wound is not dressed until granulations have formed^ 
so that the dressing may be accomplished without trauma, m other words, 
from seven to fourteen days after the operation Dressings are then 
done at about weekly intervals, with replacement of the petrolatum gauze, 
until it can no longer be mtioduced At this time a rubber tissue 
dressing is used which keeps the margins of the wound moist, facilitates 
drainage and obviates too early closure of the external orifice of the 
sinus In our experience this regimen is less odoriferous and more 
conducive to prompt healing than the unmodified regimen of Orr ® 

humohihzatwn — An essential part of our preoperative and post- 
operative regimen is immobilization of the part, as may be seen m the 

8 Orr, H Winnett Osteomyelitis and Compound Fractures, St Louis, 
C V Mosby Company, 1929 
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Van de Velde - first demonstrated that certain strains of staphylococci 
produced leukocidin, which in all probability is identical with the 
exotoxin and which has properties both to hemolyze blood and to necrose 
tissue Much of the early work was done by Burnett ® in Australia and 
by Parker ^ in New York Of late this exotoxin has received a great 
deal of attention, particularly by the English investigators We shall 
not attempt to elaborate on the history of the development of the knowl- 
edge concerning the toxin 

In recovering the toxin from staphylococci jt is necessary to have a 
dextrose-free medium and care should be taken that the of the 
medium is adjusted and that the organism is grown under reduced 
oxygen tension We shall not discuss the technical bacteriologic process 
by which this toxin is demonstrated but shall merely state that the toxin 
can be demonstrated in a filtrate so obtained which is sterile to culture 
both aerobically and anaerobically 

Many filtrates produce hemolysis with no necrosis, but we have not 
encountered a nonhemolytic filtrate which showed necrotic properties 
To a degree, the power of hemolysis is an index to dermonecrosts The 
necrotic property of a potent toxin frequently is found to be 7 000 
dermonecrotic units per cubic centimeter of toxin It is quite common 
to find a toxin which will hemolyze washed rabbit cells in a dilution of 
1 1,280 Evidently this toxin has a dermonecrotic and hemolytic com- 
ponent m variable amounts By injection of the toxin intravenously or 
intracutaneously into experimental animals, death may be produced m 
from a few hours to several days, depending on the amount of toxin 
injected and on its potency By attaching an electrocardiograph and a 
pneumograph to a dog which previously had received lethal doses of 
staphylotoxin, Nelis and Bouckaert ® showed that death was caused by 
ventricular fibrillation, with an attendant progressive fall m blood 
pressure Animals dying after several days of toxemia show definite 
histologic changes, especially in the heart, kidneys and liver That the 
death, necrosis and histologic changes in these cases are due to the 
exotoxin of the stphylococcus and not to histamine is well authenticated 
by the work of Dolman,® who stated “Histamine has been shown to 

2 Van de Velde, H fitude sur le mecanisme de la virulence du Staphylo- 
coque pyazene, Cellule 10 401, 1894 

3 Burnett, F M Exotoxms of Staphylococcus Pyogenes Aureus, J Path & 
Bact 32 717 (Oct ) 1929 

4 Parker, J T Production of Exotoxin bj Certain Strains of Staph>lo 
coccus Aureus, J Exper Med 40 761 (Dec ) 1924 

5 Nells, P, and Bouckaert, J J Action cardiaque de la toxine staph} lo- 
coccique chez le lapin et chez le chien, Compt rend Soc de biol 113 11S7, 1933 

6 Dolman, C E Pathogenic and Antigenic Properties of Staphylococcus 
Toxin, Canad Pub Health J 23 125 (March) 1932 
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The average dmation of hospitalization was six weeks 
The average period required for the sinus to close was t\\ elve weeks 
Sequestration is lare in infants Sequesti ectomy ^^as necessary in 
only 6 cases Roentgen examination frequently reveals marked destruc- 
tion of the shaft with an extensive mvolucrum, suggesting that seques- 
tration will occur, but tins rarel)'- happens 

If the patient suivives the acute infection, the prognosis tor sound 
bones is excellent Recuiience almost never occuis In onl} 1 of the 
41 cases in which a follow-up study lecentlv was made did examination 
reveal the lesion in the bone to be not chnicail} healed, and this was a 
recent case In 1 other case the i oentgenograms suggested a smoldering 
lesion, but there had been no symptoms since the sinus had healed 
There was residual deformiti in 5 cases, mainl} caused b}"^ involve- 
ment of joints 

Seventy-one patients with acute osteomyelitis were operated on In 
Z7 an operation on the bone was performed, usually the foimation of a 
window, in 34 drainage of the secondai}’^ abscess oi peiiosteal incision 
was performed 

The cases m the two groups showed little difference m the immediate 
or the final prognosis, but the comparison is inaccurate because the 
cases in the two groups vere not comparable 

In 8 cases of acute osteomyelitis treatment was b\ immobilization 
without operation Five patients were mildly ill, and 1, moderateh 
ill, these 6 patients lecovered completely T\io patients Mere cnticallv 
ill, Muth osteomyelitis of the neck of the femui and septicemia , 1 com- 
pletely recovered and the othei is lecoveiing In none did a sinus develop 
Of the 6 patients Muth osteomyelitis of the neck of the femur the 
3 not operated on and treated by-^ immobilization Muth constant observa- 
tion did better than those on m horn drainage M'as established by surgical 
Intel vention 

It IS suggested that the diffeiences betu'een the osteomyelitic syn- 
diome of infants and that of oldei children aie largely dependent on 
three factors («) The organism. Streptococcus is obseived more 
frequentlv m infants than in older childien {b) The anatomic con- 
struction of the bone m infants, chai acterized by larger cancellous spaces 
in the bone, alloMs the infection to pass more readily from its site of 
origin, the metaphysis to the subpei losteal space, the periosteum is 
more loosely attached m the infant and alloMS the decompression to 
occur , the periosteum then ruptures, alloM ing the pus to escape into the 
soft tissues, Mulhout sequestration except m rare instances (c) The 
absorption of dead bone occurs more rapidly m infants as does the 
formation of nev bone 
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disease m infants with those in older children He mentioned the 
frequent incidence of septic joints and displacement of the epiphysi^ 
He expressed the opinion that incision and drainage of the abscess are 
generally sufficient The mortality late in his series was 38 per cent 

For statistical purposes only we have utilized the cases of 41 patients treated 
hy the surgical service of Dr W S Ladd, at the Children’s Hospital 




Fig 5 — Low power photomicrograph of the human heart 



Fig 6 — Low power photomicrograph of the human kidnev 
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of the disease This fact must be interpreted as indicating a lack of a 
defensive mechanism within the host, for once the host has had ample 
time to elaborate immune substances, the mortality diops sharply 

Most observeis concede that osteomyelitis develops subsequent to 
some mmoi abrasion or staph5dococcic infection occurring in the skin 
Antecedent trauma is fiequently an important factor in the anatomic 
localization of the disease From this frequently miiioi port of entiy 
in the skin the organism invades the blood stieam and is hematogenically 
borne to the bone When this blood-boine deposit of bacteria produces 
the characteristic signs of inflammation, the first localizing symptoms of 
osteomyelitis are manifest 

The staphylococcic floia of the noimal skin is extensive All types 
are found with legard to both the ability to pioduce pigment and the 
power to hemolyze blood There is much evidence which shows that 
the saphrophytic staphylococci of the healthy skin are capable of pro- 
ducing a hemolytic exotoxm, and m acute lesions of the skin this powei 
of hemotysis is moie maiked This fact m itself would indicate that on 
the intact skin may be found virulent staphylococci living as saphro- 
phytes, but following trauma oi minoi infections these potentially 
virulent staphylococci may become invasive and capable of producing 
deep lesions 

In our study of seventy-one stiains of staphylococci obtained fiom 
patients with severe infections studied to date, sixty-four showed a 
demonstrable toxin, and in seven instances no toxin-makmg propeities 
could be demonstrated Theoretically one can postulate that invasion 
of the human body occuis only from potentially virulent staphylococci 
of the cutaneous floia 

Since furuncles aie frequently a precuisor of osteomyelitis, the com- 
parative peicentages m the table are of interest 
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toxin mal ers These organisms were obtained from peisons with acute 
hematogenous osteom 3 "elitis oi with an acute recurrence at the time 
of operative piocedure No culture was utilized from draining sinuses 

From expel iments in immunization conducted on rabbits and other 
experimental animals with the staphylococcus toxin, it was found that 
the laboratory animal requires approximately two weeks to make an 
immune response to the free staphylococcus toxin used as an antigen 
Also, from the fact that antitoxic substances against the free toxin of 
the staphylococcus have been shown to be consistently present in the 
human blood serum bj'^ Neisser and Wechsberg,’ and lately emphasized 
by Parish, O’Meara and Clark,* one must assume that staphylococcus 
antitoxin is one of the defenses of the body against the invasion of 
toxigenic staphylococci Clinically this is supported by the observation 
(.hat in osteomyelitis the blood stream sterilizes itself at approximately the 
time required for the human organism to respond to the staphylotoxin 
antigen One must remember that over 90 per cent of the deaths that 
occur from acute stapltylococcic osteomyelitis take place within the first 
two weeks of the disease, before the bodj^ has had ample opportunity 
to elaborate antitoxic substances These clinical observations support 
the laboratory observations that the antitoxin m the blood is of impor- 
tance m the defense against these toxigenic staphylococci 

It IS not uncommon to find that the most virulent toxin-makmg 
staphylococci may be isolated from a person with osteomyelitis of minor 
clinical severity This is evidence that the defenses of the body are able 
to cope with this infection, and one finds a high titer of antitoxin in the 
blood taken from these patients Conversely, severe osteomyelitis may 
be present in a person who shows little antitoxic titer in his blood 
Staphylococci isolated from such patients may show but a slight degree 
of toxin-makmg property although the clinical symptoms may be 
alarming 

The beneficial results obtained in the treatment of acute osteomyelitis 
by transfusion of blood from an adult donor may be due in part to the 
titer of staphylococcus antitoxin consistently present m the blood serum 
of the adult 

Lately Parish and his collaborators determined methods for the 
measurement of the antitoxin content of the blood Unfortunately at 
the present time there is no generally accepted standard of procedure, 
and each worker utilizes a different standard of measurement, the 
results therefore necessarily become comparative 

7 Neis^r, M , and Wechsberg, F Ueber das Staphylotoxin, Ztschr f Hvg 
u Infektionskr 36 299, 1901 

8 Parish, H J , O’Meara, R A Q, and Clark, Wmnifred H kf Clinical 
Investigation of Staph> lococcal Toxin, Toxoid and Antitoxin, Lancet 1 1054 (Ma> 

19) 1934 
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be present in the original broth Such amounts of histamine could not 
possibl} be lesponsible foi anv of the characteristic featmes ot the toxin 
Moreoier, if the histamine content of the toxin be destroied b} incubat- 
ing It with histaininase the original propeities of the toxin remain 
unimpaired ’ i\Ioieo\er this toxin torms a toxoid uhen treated uith 
formaldehvde 

It has long been suspected that in osteonn ehtis a free toxin is present 
and that main of the simptoms are attiibutable to an existing toxemia 
Postmoitein examiiiatioii of patients dimg within the first two weeks 
of the disease shows histologic changes pointing to a condition of 
extreme toxemia These findings are not unlike those m the rabbit 
subjected to lethal doses of stapln lotoxin as eMdenced b\ the following 
histopathologic leport 

The section of cardiac muscle ot a rabbit depicted m figure 1 shows alternate 
dark-staining muscle fibers and light-staming muscle fibers The light-stammg 
fibers show considerable longitudinal fibrillation The darker muscle fibers show 
peculiar obliteration of the strntions, with no permscuhr infiltration about the 
blood aessels Tlie microscopic diagnosis was to\ic nnocardial degeneration 

The section of the kidne\ of a rabbit shown in figure 2 reieals considerable 
exudate in the capsule of Bowman marked b\ hght-staining coagulated protein 
with compression of the capillara tufts The proximal comoluted tubules show 
marked cloudx swelling and more or less desquamation of the tubular epithelium 
The passne congestion is more or less marked A.11 tubular structures show eaidence 
of a \ arsing degree of clouds sssellmg There are no interstitial changes and no 
marked round cell infiltration The microscopic diagnosis was acute parenchs matous 
degeneration ssith glomerular exudate 

The outstanding feature in the Iner of a rabbit a section of sshich is shossn 
m figures 3 and 4 is a large tliroinbus in the branch of the portal sein In the 
immediate ensiron of this thrombus is a large area of necrosis, demarked sharpls 
from Using User cells The User cells m the siable area are ssell stained and 
shoss no marked desiation from the normal In some of the portal canals round 
cell infiltration is marked The blood sessels shoss marked passise congestion of the 
User columns In general thes are arranged ssell and not broken up b\ central 
necrosis The microscopic diagnosis ssas thrombotic necrosis ot the liser ssith 
round cell infiltration 

The muscle fibers of the human heart shossn in figure 5, are of small diameter 
and are nchls nucleated The blood sessels are ssidels dilated A. high posser siess 
reseals poorls des eloped cross-striatioii ot fibers, sshich take a deep tosm stain 
and shoss considerable clouds sssellmg There are no other material changes 
Here and there are small foci of round cell uifiltratiou of muscle fibers and 
extras asation of blood into the fibers The microscopic diagnosis ssas acute 
congestion of the muscle of the heart ss ith es idence of mfectis e inflammation 

rigure 6 shows much necrotic coagulation m the tubules of this human kidnes 
^[arked passise congestion is present eserssshere The glomeruli are sssollen 
generalls occupsing the capsules of Bossman tightls Tlie passise congestion m 
mans parts has proceeded to the passage of blood m the tubular structures All 
the tubules arc msolscd in a necrotic process There is cast formation m the tubules 
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antitoxin in an attempt to piociire passive immunization The fact 
that the immune titei of antitoxin is infinitely higher than that of 
ordinary adult blood used m transfusion in an eftoit to combat toxemia 
and destiuction of blood should indicate that this piocedure is worthy 
of serious consideration Pionounced eaily anemia, so frequently 
observed, is strong presumptive evidence that the invading organism is 
toxigenic with marked properties of hemol)Sis That the natural anti- 
toxin does not appear in great quantities until after the second week of 
the infection, togethei with the fact that the majority of deaths from 
osteomyelitis occui within the first two weeks of the disease, indicates 
that the optimum time foi antitoxin theiapy is eaily in the couise of 
the infection This contention is suppoited by the fact, as pieviously 
mentioned, that material obtained post moitem fiom patients dying 
early m the course of the disease and fiom rabbits dying from lethal 
doses of toxin shows marked toxic degeneiation, particularly in the 
heait, kidney and liver Once the blood stream has become sterile, with 
the piocess localized in the bone, and the body defenses have reacted to 
the antigen, there is, m otu judgment, little to be hoped for from the 
administration of antitoxin In the light of the piesent knowledge, we 
can only say that staphylococcus antitoxin will neutralize the free toxin 
fraction We have on repeated occasions actively immunized rabbits, 
by the use of staphylotoxin, against seveial times the lethal dose of toxin 
Animals inoculated with virulent living staphjdococci live longer when 
antitoxin is administered In a series of rabbits receiving living staphy- 
lococci one half of those which weie tieated with staphylococcus 
antitoxin showed a slightlj'^ lower moitahty than the contiols which 
received no antitoxin 

The possibility of active immunization has leceived some attention, 
since the fact has Iiecome known that staphylococcus toxin which has 
been tieated with f oi maldehjxle and incubated at 37 C for a period of 
days forms toxoid which has antigenic properties The advisability of 
using vaccines in an attempt to create active immunity is not attended 
with unanimity of opinion Our experience in conjunction with a study 
of the available reports m the literature indicates that unquestionably 
the use of staphylococcus toxoid raises the immune titer in man as well 
as in laboratory animals 

The problem of recurrence in osteomyelitis is yet to be elucidated 
It IS possible that recuriences may be associated n itli a fall in the immune 
titei of the blood, which is familiarly spoken of as loweied resistance 
At the present tune all our attempts to measure the titei of immune 
substances in chronic osteomyelitis have shown a high degree of protec- 
tive substances It is our opinion that the defensive substances of the 
blood measuied ovei a long period of time may disclose valuable infor- 
mation relative to the i elapse in the patient who has had osteomj elitis 





Tiejs 3 nnd -1 — low power photomicrographs of the Iner of a rabbit 


A HISTOLOGIC STUDY OF MECKEL'S DIVERTICULUM 

WITH SPECIAL REFERENCE TO HETEROTOPIC TISSUES 
HOWARD H CURD, MD 

UNIVERSITY, VA 

The recent literature contains numerous leferences to gastric mucosa 
adjacent to the so-called “peptic ulcers of Meckel’s diverticulum ” In 
these articles interest is almost entirely restricted to the clinical aspects 
of the anomaly My purpose in this paper is to report the histologic 
observations in nineteen new cases of Meckel’s diverticulum and to col- 
lect the previous data on the incidence, position and types 

The first case of Meckel’s diverticulum mentioned in the literature 
is that of J H Lavater m 1672 In 1698 Ruysch referred to this diver- 
ticulum, and in 1701 he published an illustration of an additional case 
Littre m 1742 observed such a diverticulum m a hernia However, until 
the time of Meckel little was known of the diverticulum which bears 
his name In 1808 he mentioned it, and in 1812 he wrote the first accu- 
rate description of the diverticulum, giving its embryologic background 
and emphasizing its clinical importance In this connection it is interest- 
ing to note that as far back as 1769 Morgagni stated that he had observed 
in several instances a diverticulum on the intestine of a goose 

MATERIALS 

The material used in this investigation consisted of nineteen diver- 
ticula, ten of which were supplied by Dr J S Horsley of St Elizabeth’s 
Hospital, Richmond, Va Five operative specimens and three autopsy 
specimens came from the Laboratory of Pathology of the University of 
Virginia Hospital Nine of the specimens (cases 1 to 9) from Dr 
Horsley were of the usual type with a lining of mucosa t3'pical of that 
seen m the small intestine, with numerous cells of Paneth The speci- 
men in case 10 was unusual in that it had numerous protrusions The 
five operative specimens from the University of Virginia Hospital 
included two with an area of gastric mucosa, the three autopsy speci- 
mens included one with such an area The nineteenth specimen came 
from Dr T P Bagwell of Grace Hospital, Welch, W Va This 
specimen was ulcerated and contained a patch of gastric mucosa 

Except where otherwise indicated, slides were made from the tip of 
the diverticulum, because without exception when the position of the 
heterotopic tissue was noted in the literature it was always found in the 


From the Laboratory of Histology and Embryology, University of Virginia 
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in fair alniiKhnCL ] In. iniLrnsi.opn dnpnosis w is (.xtrtinc iciiil coiiKcstion with 
necrosis of the tnlinl ir cpitlielniin most nniKed in the proxmnl coinolntcd tnhiiles 
Tile hnimn Iner deincted in lipinc 7 shows in uhanced depiee of p issue 
congestion Tlie cohiinns of luer tells ire rtdneid in hreidth In eongestion of the 
blood lessels ol the sinusoids of the luer \ few spots show the beginning of 
fibrous tissue tornntioii 1 he portal einils sluiw niiiKed round cell infiltration 
The KiiplTcr cells ire mere ued m mimber md tout iin hemosidei m pigment 1 he 
microscopic diagnosis was sub lente luiutitis with m irked congestion and round cell 
infiltration 



We have to date stitched the toxin- foinaintf piopeities of twenty- 
seven strains of staphylococci obtained fioin cases of osteomjchtis It 
IS interesting to note that in tw'enty-nine cases of osteomyelitis the 
staphylococcus w'as isolated twenty'-seven times Of the tw'cnty-sevcn 
cultures, twenty-four aveie hemolytic, tw'enty-two necrotic, thiee non- 
hemolytic and five non-necrotic If one consideis hemolysis as evidence 
of the formation of toxin, this would mean that m tw^enty-seven cases of 
staphylococcic osteomyelitis twenty-four of the invading organisms were 
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cells clearly visible In other areas the glands beneath this epithelium seem less" 
differentiated, and parietal cells could not be made out Such areas were pre- 
sumably pyloric In manj^ areas intestinal and gastric glands were mixed 
Eosinophils were especially numerous throughout the mucosa of the diverticulum 

Case 13 — The specimen was obtained at autopsy from Miss M P, aged 23, 
and was supplied by the department of pathology of the University of Virginia 
It measured 6 by 2 5 by 2 cm Microscopic study revealed typical intestinal 
mucosa The cells of Paneth were especially prominent, frequently lining the- 
entire tip of the fundus of the intestinal glands 

Case 14 — The specimen was obtained at operation and was supplied by the 
department of pathology of the University of Virginia Its dimensions were 
3 5 by 2 by 1 5 cm Microscopically, a subacute inflammatory condition was 
found There was a purulent exudate in the lumen, and the mucous membrane 
was infiltrated with polymorphonuclears and l 3 'mphocytes Most of the diverticu- 
lum was lined with mucosa like that seen in the small intestine An area about 
1 cm in diameter had dear, faintly pink-staining columnar cells Under these 
there was marked infiltration, but in a few areas parietal cells could be identified 

Case IS — The specimen was obtained at autopsj and was supplied bj' the 
department of pathology of the Universitj' of Virginia Alicroscopic study dis- 
closed mucosa like that seen in the small intestine and many cells of Paneth in 
the base of the intestinal glands 

Case 16 — The specimen was obtained at operation and was supplied by the 
department of pathology of the Unnersity of Virginia Gross examination revealed 
marked inflammation and ulceration On microscopic examination an inflamed 
and eroded mucous membrane of the tj'pe seen in the small intestine was found,. 
with a small number of the cells of Paneth present in the bases of some of the 
intestinal glands 

Case 17 — The specimen was removed at operation from Mr C F, and was 
obtained from the department of patholog\ of the University of Virginia Gross 
examination disclosed that the diverticulum measured 3 8 by 2 1 by 2 6 cm and 
that the mucosa of the tip appeared swollen 

Microscopic examination revealed gastric mucosa of the fundic type through- 
out most of the diverticulum This consisted of tall, clear, pmk-stainmg columnar 
cells lining the ducts of the gastric glands The fundus of the glands was quite 
long, and typical chief and parietal cells were found The muscularis mucosae 
was doubled in the gastric portion, and in one area under the gastric mucosa the 
muscularis consisted of three lajers An area of pvloric mucosa was found In 
this area the parietal cells were few and scattered, and the gastric crypts were 
deep In one portion of the submucosi there was a mass of pancreatic tissue 
8 mm in diameter There were well developed ducts, and although islets were 
present they were difficult to find 

Case 18 — The specimen was removed from Miss M H P at the time of 
operation for salpingectomy It was obtained from the department of pathologj of 
the Universitj of Virginia The mucosa was of the type characteristic of the 
ileum (fig 1) 

Case 19 — The specimen was remoi ed from a voung man bj Dr T P Bagwell 
at Grace Hospital, Welch, V’’ Va Preoperatively, the condition was diag- 
nosed as a perforated duodenal ulcer, but at operation a perforated Ivleckel’s 
dnerticulum was found After preservation in 95 per cent alcohol, the specimen 
measured 45 by 30 mm A small clearcut ulcer 5 mm in diameter could be seen 
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In the vtvuh of the hlood ot one hunched pel sons of unknown 
histon in oui kihoialoij, the stapheloeoecus antUoMu tiler was 
measured and found to a\eraue 1 16 In the ineasiucnient of the anti- 
toxin ot pel sons sutleiint; fioiii chioiiie osteonnelitis, the titer was 
louiid to he as hiiih as 1 4 (XX) Init the aeeiaije was found to be mam 
times the noinul 1 he tollowim: tabulation shows the antihemohtic 
titer ot nornia! persons and of those with osteonnelitis (the asterisk 
indicates leeuiieiiee of osteonnelitis one week after tlic ineasurenient 
of the titer) 

Dilution No 11 1 s 1 ii. 1 ^ 1 ( I 1 I . ! IJ I I e.’l 1 JOl' 1 4 TO 

Dlooil ol iKiriii it I'l r 

soil' iw ^1 1 0 r 4 1 0 0 0 0 0 

Jilooil of Jirr on>- wltti 

oOeomvtliU' ><, 0 0 I i. i 0 ^ 4 4 4 2 

Ihe technie ol the ineasurenient ol the antitoxin content of the blood 
as deieloped In Parish is bistd on the abihtv ol the free antitoxin of 
the blood scrum to be bound to a known (iuantit\ ot stapln lotoxin a 
suspension ol washed rabbit eelU beiim mtcl .is .in mdieator If the 
toxin IS in excess, hemoh sis will take pi lee 1 he end-point is niargiii.ated 
sharjih 

ComnieTcial stapln lococe us antitoxin now .nail.ible* lor experimental 
use according to our method of ineasurement sliows an antihemohtic 
titer approxini.iteh 700 limes th.it ol ordin.in blotKl scrum (.om- 
mercial manufacturers standardi/e antitoxin b\ its power to ncutrahre a 
definite nuinber of dernionecrotie doses oi toxin jier eubie eentimeter of 
antitoxin \ potent stapln locoeeus toxin will measure about 5,000 to 
7 ,000 dernionecrotie doses per cubic ceiitimetei The labbit, because ol its 
low natural antitoxin titer is the anini.al of ehoiee for this measurement 
The standard antitoxin will iieutralire 100000 dernionecrotie doses of 
toxin per cubic centimeter '! his antitoxin is the concentrated pseudo- 
globulin fraction of horse scrum m whieli fr.iction the immune sub- 
stances are carried 

In a stuch of the inimunolog\ ot osteonnelitis sewei.al factors 
present themsehes We found in a summan of three hundred cases ot 
osteonieelitis that the joungest patient encountered was 3 months of 
age, the average age being 13 Acars The low age incidence of this 
disease suggests an accidental factor coupled with a low' incidence of 
immunity m childhood against \irulcnt staphe loeocci which are com- 
monly present on the normal hcaltln skin as sapln rophytes Evidence 
IS rapidly accumulating that the titer of natural antitoxin present m the 
blood plays an important part in the jirotection of the host against this 
infection 

The high titer of available staphylococcus antitoxin immediately 
■suggests the possibility of therapeutic attainments b\ the use of this 
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Fig 3 (case 19) — Portion of a fundic gland from figure 2, showing the 
parietal cells (X 1,000) 



Fig 4 (case 19) — Vertical section of the mucosa of Meckel’s diverticulum 
adjacent to the area of figure 2, showing long intestinal glands similar to those 
of the colon except for fewer goblet cells Between these two areas occurs a 
narrow region with short stout iilli and long mtestmal glands with many goblet 
cells (X 96) 
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J he tlieinpculK u^c (il sl.iplnlcKottit'' .iiittto\in in acute osleonntlitih 
aiul alltnipts iti \ateinati the patunl witli eliionit osteonneJitis h) the 
iM (if tdXdul will lie the hi^-is ol luitlui upoits 

COM I l SION*, 

Ot 27 (.asis oi osttonnilitis ot stafiln lotuctic etioloi^\, a fiee toxin 
was (Icmoiisiiattd in 5s''.'' pei <cnt 

Of casts o) tkt]i stapiu lotoctic lesions t\chisi\t of osteonnehtis, 
a liee to\in was tleinonstialtd in ‘M pti etnl 

Ihtie is a lesidtiit Iilti ol antitoNin against siaplulocoetiis toxin in 
noinial adult hlood snnin 

In thionie osleonnthtis this nninniu tilti is maiktdlt incitased 

In theluatnunt ot aeiitt si.iplnlotoitie ostt onnehtis a donoi known 
to ha\t a htcdi antitoxK tilci should lit piottiitd 

Dr K iljil) 1 iiiir'oii niim in ermUd tin toopi r ition oi the lalior.aton nncl 
the ti«e OI Us ncihtu* ind Dr riank I Hall iiUtriirtUd the patholnctic and histo- 
lopic sptenmns 1 lu l.okrlc 1 ahoratories 'tipphid tlit anlUo\in and some of the 
cuiliirt' 
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Serial sections were made of the area about the ulcer The rest of the diverticu- 
lum was cut into sixteen pieces, and slides were made from each piece 

Microscopically, the ulcer appeared to be subacute The peritoneal surface 
about the ulcer showed a marked inflammatory reaction with a thick layer of 
leukocytes and fibrin and an attempt at organization of the exudate The ulcer 
was surrounded by intestinal mucosa An area about 1 6 mm from the ulcer 
(as measured by serial sections) showed gastric mucosa typical of that seen in 
the fundus On microscopic examination of the slides of the rest of the diverti- 
culum it was noted that the distal fourth of it was lined with gastric mucosa 
(fig 2) The gastric mucosa was from four to five times as thick as the intes- 
tinal mucosa of the proximal part The fundus of the glands was from six to 
seven times as long as the ducts In the fundus tjpical chief and parietal cells 
were found The parietal cells were quite numerous (fig 3) The ducts were 
lined with tall, columnar, clear, faintly pink-stammg cells No Paneth cells 
were found in any of the sections which revealed intestinal mucosa A small area 
of the mucosa surrounded by typical intestinal mucosa with \illi had the appear- 
ance of the mucosa of the colon (fig 4) 

Table 2 — Data m Additional Cases of Umbilical Polyps and Pistiilas •with 
Gastiic Mucosa, Compiled ftoin the Lite/ aim e 


Date 

Author 

Sex of Patient 

Type of Mucosa 

18S0 

Gould 

? (not recorded) ’ (not recorded) 

1881 

Tillmans 

9 

9 

1887 

Boser 

M 

9 

1888 

^ an HeuLelom 

? 

Pjloric 

1889 

\ on Bosthorn 

? 

Pjloric 

1898 

Beiehard 

9 

9 


Weber 

? 

Pjloric 


Lindner 

? 

Pjloric 

1899 

Lo\er 

? 

Pylorfc 

1903 

Strada 

? 

Pjloric 

1904 

Salzer 

? 

Cardiac 

1905 

Minelli 

? 

Gastric adenoma 

1908 

Denuce 

7 

Bundle 

1911 

Negroni 

9 

1 

1922 

Nicholson 

? 

t 

1923 

Stone, Eric 

? 

9 


Nicholson 

9 

Tundic and pjloric 

1925 

Taslor 

1 

Bundle 

1931 

Lindau and Wulff 

9 

7 

1933 

Hudson and Eophk 

? 

7 


CASES REPORTED IN THE LITERATURE 
Data in cases of Meckel’s diveitJcuJum with gastric mucosa, com- 
piled from the hteratme, are presented m table 1 

Hilgenremer, while not stating that his specimen contained gastric 
mucosa, published an illustration of a diverticulum m which the distal 
end had a much thickened mucosa which was probably gastiic m nature 
Since umbilical polyps and fistulas are also remnants of the vitelline 
duct, a list of the cases of these conditions with gastric mucosa is 
included (table 2) 

Kustner described some columnar cells which he thought came from 
the urachus m an umbilical adenoma From tbe illustration they look 
somewhat like gastric glands 
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npe\ In tin ca^i of an nnusual <h\citttuluin. slides \\eic made fioin 
nil pail'' Ml tin. specimens woic stained with hematowhn and cosm 
as a routine measme and all were c min tided in paialTin and cut into 
sections at mtenals ol 7 or 10 miciom 

1 to <1 — 11 k dntrlKuh in tliiv uroiip wtrt ot tin. imnl tt])e with 
miKO^a liki. tint of tin ileum 11 k eiKtiimiis ikkI not Ik dcscnlKti furtlicr 

C\s! 10 — llic (InertKiilum was sniiiilutl In Dr II<irsk\ It was a sausatic- 
shaped mass 17 In 10 mm Prom a irunn pirts of its surf.Kt projected seaeii 
protrusions wlmli a tried m si^e ind aaere nietinlarh pined The diae'rticulum 
was eoinieeled to tlie ileum In a aera smill st ilk \ppro\unatela eiglita slides 
were mule of tins diaertieiiliim, and the seetions aaere so spiced as to shoaa parts 
from the aahole spicniieii 

Mieroseopicalla , the s[K.cmien aaas loinid t<i eontam tapical intestinal mucosa 
with aera distinct pohlet cells and ailli The protrusions aaere plamla seen in 
certain ot the sections 1 hea consisted ot a linnuj epitlieluim, aalneh aaas con- 
Imuoiis aaith that ot the diaerticulum iiid an outer lamina muscularis mucosae 
In one section esjieciilla it aaas aera e isa to s^l tint the einihilmm, the lamina 
muscularis nnieosac and the lamina propria ot the protrusion aaeie continuous aaith 
that 01 the diaertieiilum Outside ol the mucous menihrane of the protrusion 
aaas a laaer of areolar tissue aalneh contained mmnrons hhxid aesscls Tins 
seemed to he continuous with Ixitli the snhmueosa .and the fihrosennis co.at of the 
diaerticulum The imiscul ir coat stopped short at the lateral border of each 
protrusion, so tint the delie.ate lannni nuiseuliris mueosae eonstituted .all the 
muscular tissue found m the protrusion Neither the diaertieulnm nor ana of its 
protrusions aaere inflamed Moderate numbers of Paneth cells aaere present 

Cast 11 — The specimen aa.as obtained at autopsa on a aoiinc: man and was 
supplied ba the department of patholot;a of the Lmaersita ot Mrsmia The 
diaerticulum aaas situated 100 cm trom the ileocecal aalae M.acroscopicalla it 
aaas a jwiich, aaider at the neck thin at the tip and measured 55 ba 25 mm No 
gross lesions aaere aisiblc Microscopic stiida aaas based on seetions taken from 
seaen regions In the tip of the diaerticulum an area estimated to be from 3 to 
4 mm III diameter aaas found to contain gastric inncos.a 1 he gastric mucosa aaas 
from taao to three times as thick as the intestinil mueosa It contained tall, 
clear piiik-stammg columnar cells In the tunica jiropria could be seen the fiindic 
glands, with both chief and parietal cells aisible lloweaer the parietal cells aaere 
not especialla numerous Paneth cells aaere numerous m the fundus of the glands 
of the intestinal mucosa 

Casf 12 — The specimen aaas remoaed ba Dr Bruce Morton m the course 
of an appcndcctoma on Mr K B The gross pathologic report from the patho- 
logic department stated "Ilic specimen aaas 5 em m length, consisting of a 
pouch, the open end of avlncli aaas intcstm.d aaall The distal end aaas bulbous 
and irregular and someaaliat firmer In cut section the mucosa appeared normal 
In the distal end the mucosa aa.as piled up to entirela fill the lumen” The bulbous 
mass at the distal end aaas 15 mm long, and there aaas some ulceration and 
inflammation 

As seen in microscopic sections, the mucosa of the dist.al end aaas aera thick 
and throaaii into folds The limng epithelium of these folds aaas made up of 
tall columnar cells aalneh stained fanitla pink lii certain areas beneath these 
columnar cells could be seen tapical fuiidic glands, aaith the chief and parietal 
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the digestive tract from the pharynx to the rectum and all the glands 
associated with this tract, with the possible exception of the parotid 
gland In Meckel’s diverticulum alone almost all of the differential 
potentialities of this endoderm may be realized 

Table 3 — Repents of Duodenal Glands m Additional Data on Meckel’s 

Diverticulum 


Date 

Author 

Additional Data 

1897 

Kern 


190e 

Hodinger 

Pancreatic tissue also 

1909 

TschiLnaireron 


1912 

Koeh 


1925 

Schaetz 

Male, gastric mucosa also 

1930 

Fetre, Patel and Depart 

Male 

1932 

Hudson and Kopiik 

McCann 

Male, pancreatic tissue also 

1933 

C W Mayo 

Gastric mucosa also 

1934 

Sehulllnger and Stout 

Gastric mucosa also 


Table 4 — Repot ts of Pancteahe Tissue in Meckel s Dwerttciilum 


Date 

Author 

1861 

Zenker 

1870 

Neumann 

1891 

Schmauser 

1893 

Sehirmer 

1899 

Bnmner 

1901 

Wright 

E Albrecht 

1904 

Size 

1905 

Merkel 

Deve 

1906 

Hedmger 

1907 

Deetz 

1908 

Clogg 

Kothe 

1909 

Nazari 

Busch 

1910 

Albrecht and Arzt 

1911 

Tschiknau erow 

1912 

Koch 

Drummond 

Sil 

1916 

Cullen 

1922 

Cullen 

1925 

Schaetz 

Schaetz 

Schaetz 

Steiger 

1927 

J B Stone 

Taylor 

Winkelbauer 

1928 

Cognlauz 

1932 

Hudson and Koplik 
Mason and Graham 
McCann 

1934 

Hunt and Bonesteel 


Additional Data 


Islets 

Islets 


Duodenal mucosa also 
Male, gactric mucosa also 

Man 


Tno cases \'ith gastric mucosa also 
Pemnle 


Male, islets present 

Female islets and gastric mucosa 

Male, fundic, pyloric and cardiac glands also 


Three cases all mth gastric mucosa and islets 
Male, gastric mucosa also 


Male, gastric mucosa also 
Islets and duodenal glands 
Male, gastric mucosa and islets 


The investigators listed in table 3 have reported duodenal glands 

m cases of Meckel’s diverticulum ^ 

Investigators who have found pancreatic tissue in cases of Meckel s 

diverticulum are listed in table 4 

The t)'pe of mucosa characteristic of the colon has been reported in 
Meckel’s diverticulum by Hudson and Koplik (two cases) and by Stern 




P'ff 2 (case 19) — Vertical section of the gastric mucosa of the apical portion 
of Meckel’s diverticulum, showing tvpical fundic glands (X 96) 
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glands of the gastric type, thiee cases of tuberculous ulceration of the 
intestines which showed gastiic glands in the area about the ulcer and 
one case of a panel eatic cyst which was in part lined by gastric mucosa 
Poncher and Milles found two tumors in the mediastinum of an infant 
These tumors were presumably of enterogenous origin, and m the case 
of each there was noted a small area of gastric mucosa In this same 
infant the small intestine was reduplicated in the lower part The redup- 
lication opened into the intestine 20 cm above the ileocecal valve but 
ended blindly This blind end was found to be lined with gastric mucosa 
of the fundic t 3 '’pe 

The actual autopsy reports do not bear out the figures usually given 
foi the occurrence of Meckel s diveiticulum^ Table 5 contains a list 
of reports collected fiom the hteratuie on this subject It is really a 

Table S — Incidence of Mechel’s Dtzet ttenhnn as Found tn fhe Liferatnie 


Source of Data 

Number of Cases of 
Mechel’s Diverticulum 

Number of 
Autopsies 

Kelynach 

18 

1,446 

Schmidt 

14 

1,822 

Mitchell 

89 

1,635 

Hilgcnreiner 

S3 

1,767 

Augier 

4 

200 

Augler 

1 

100 

Test at, 1888 

16 

769 

Testat, 1892 

Bogie 

4 

298 

8 

400 

Boston City Hospital 

11 

1,382 

Johns Hopllns Hospital 

15 

2,600 

Dresden City Hospital 

8 

8,133 

Anatomic Society of Great Britain and Ireland 

16 

769 

Bender Hygienic Laboratorj 

5 

953 

Turner 

81 

10,360 

Sandlos 

14 

1,300 

Babj Hospital 

63 

5,768 

Schaetz 

17 

737 

Total 

367 

40 439 


collection of several series of statistics, and in only a few cases was 
the original article available All the available figures on the subject 
have been included in order to get a large enough number to give an 
adequate basis for lehable estimation 

The average incidence in this table is about 09 per cent Figures 
given by other writers are Adami, 2 7 per cent , Fuchsig, 2 per cent , 
Coleman, 1 8 per cent , Harbin, 2 pei cent, and Abt and Strauss, from 
1 to 3 per cent 

The statement usually made with leference to the sex incidence of 
Meckel’s diverticulum is that it occurs three times as often m the male 
as in the female It is of interest to note that eight of the ten specimens 
submitted by Dr Horslej were from females and none contained gastric 
mucosa An arerage of all the figures that could be collected on the 
subject seem to bear this out (table 6) 



Table 1 — Data m Cases of ilcckcVs Dwciitailnm With Gastne Afucosa, 
Compiled Fioin the Litciaiui e'^ 


Date Uithor Sc\ of Patient Tj pe of Mucosa 


1003 HilLcnreuicr 

1004 Koch 

1906 Hildebrnndt 
Koch 

lOOV Dcct^ 

1909 Kolilmej er 
Koch 

1912 Koch 
Koch 
Koch 

lOlS Huhschiniinn 

1915 Callender 
Graracn 

191S Meulengracht 

1919 Goctsch 
Jluller 

1920 Barron 

1922 Megei and and Dunant 

1923 Schaetz 
Schnetz 
Stone, Erie 
Nicholson 

1924 Hallopcau and Huinhert 
Ginhal 

Brasser 

1925 Schnetz 
Schaetz 
Schaetz 
Schaetz 
Schaetz 
Schaetz 
Schaetz 
Pascale 
Ulrich 

1926 


iSXKHi 

1927 Abt and Strau's 


utvjiiiia 

Taylor 

Taylor 

Taylor 

Taylor 


1928 

Peterman and Seeger 

1929 Franke 
Winkelbaucr 
1\ inkclbautr 
Trephn 

1930 \on” 
ion 

4. sell 

Aochut 1 aim tvuiciuz 
Febre Patel and Lepart 
Green 
Schmidt 
F da ards 

1931 Lindaii and 11 niff 
Greenu aid and Steiner 


1932 


19,3 


1934 


Ijllll'-IK, 

Cobb 

Debrc Bopp and Scmelaigne 

Roudil and Marty 

Singer and 1 aughan 

Boyatcr, H 1 

Mason and Graham 

Hud'-on and Kophk 

Hudson 

Hudson 

dc 1 erneioicl 

Schanff 

Smith and Cohui 
Hudson and Kophk 
Dragstedt 
Mato C M 
Miller and 11 ailacc 
Clark, D 1 
Boeh II 

Hunt and Bonoctotl 
SchulIinLcr and Stout 


M ? (not recorded) 

? (not recorded) Fundic 
F ? 

? Py lone 

If ? 


? 

J 

? 

? 

M 

1 

M 

M 

If 

M 

M 

If 

M 

M 

If 

M 

M 

If 

M 

M 

M 

r 

M 

M 

F 

M 

P 

If 

? 

M 

? 

F 

M 

If 

M 

M 

M 

M 

M 

F 

M 

P 

? 

F 

M 

M 

7 

M 

M 

? 

M 

F 

M 

F 

M 

M 

M 

M 

M 

M 

M 

F 

? 

M 

M 

F 

M 

9 

M 


M 

M 

If 

i 

? 

M 

? 

M 

M 

M 

II 


Pyloric 
Pyloric 
Fundic 
Fundic 
Fundic 
Fundic 
I undic 
Fundic 
Fundic 

Fundic and py lone 
Fundic 

Fundic and pyloric 
Fundic and pyloric 
? 

Fundic 

Fundic 

? 

Fundic 
Fundic 
Py lone 
? 

7 

7 

7 

? 

Fundic, pyloric and cardiac 
7 
? 

1 

Fundic 

? 

7 

Fundic 

Fundic 

Fundic 

Fundic 

Fundic and cardiac 

Fundic 

Fundic 

Fundic 

9 

7 

7 

Fundic 

Fundic and pyloric 
Fundic 
? 

7 

7 

7 

Fundic 

Fundic and pyloric 
Fundic 

9 

7 

Pyloric 

7 

Fundic 

Fundic 

7 

7 

Fundic 

7 

Fundic 

7 

9 

? 

7 

Fundic 
? (9 cnsca) 

Fundic (2 case') 

Pyloric 

? 

Fundic 

? 

7 (G cases) 

Fundic 

7 

9 

Fundic 

9 

Fundic 


blblloMiiph”'^'^' ca'cs cited In th!= and In the follotting tables art to be found in the 



518 


ARCHIVES OF SURGERY 


stomach was severed by the pumitive lotation of the stomach Weber, 
Reichard and Roser accepted tins view 

Van Heukelom m 1888, aftei examining a senes of embryos, 
expressed himself as being unable to understand how a diverticulum 
horn the stomach could possibly get to the umbilicus m view of the fact 
that a large liver is between the stomach and the umbilicus at the stage 
when the vitelline duct is supposed to atrophy (7 mm stage, 38 days) 
In one of his fetuses he found an aiea of gastric mucosa connected 
with Meckel’s diverticulum but not in communication with its lumen 
Because of this lack of communication, he postulated that there was a 
substance in the intestines which stimulated the intestines to form intes- 
tinal mucosa and the lack of which was necessary to the formation of 
gastric mucosa He assumed that this substance was bile This view 
has recently been supported by the discovery of a similaily placed area 
of gastric mucosa in a strand of tissue between the ileum and the umbili- 
cus by Barron Howei^er, so many cases of gastric mucosa in Meckel’s 
diverticulum m free communication with the lumen of the ileum have 
been found that the theory of van Heukelom cannot m its entirety be 
true 

Salzer in 1904 proposed the theory that nutation and inflammation 
stimulated the endodeim to grow m a manner foreign to that particular 
legion There is perhaps an element of truth in his view also, although 
theie are many cases in which gastric mucosa appears in diverticula 
that do not seem to be inflamed Howevei, in every case m which the 
position of the aberiant tissue is stated, it is always at the apex, where 
the vitelline duct begins to atrophy and to constrict Whatever causes 
this atrophy and constriction certainly would cause some irritation to 
the underlying endoderm If such irritation actually were present in 
the embryo its influence could easily be outgrown 

Albrecht and Fischl look on this gastric mucosa as arising from 
misplaced fetal inclusions or rests This view is similar to that offered 
in explanation of many foreign growths In recent years Schaetz has 
been the chief proponent of this theory Such a theory is difficult to 
prove or disprove However, if the theory is true it seems strange that 
except in Meckel’s diveiticulum, were gastric mucosa has been reported 
many times, no cases (Taylor) have been reported in which congenital 
gastric mucosa has been found below the duodenum Apparently other 
factors must be concerned 

Taylor m 1927 found some gastric mucosa in the ileum 10 inches 
(25 4 cm ) from the ileocecal valve He emphasized the fact that it was 
located on the mesenteric side, which fact he believed proves that it is not 
a part of Meckel’s diverticulum In view of its embryologic formation 
one would, of course, expect the remains of the vitelline duct to be 
found on the antimesenteric side, as is usually the case However, 
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While it has been known since 1861 that pancreatic tissue may occur 
m Meckel’s diverticulum, the knowledge of the occurrence of gastiic 
mucosa is of comparatively recent date ( 1904) That this gastiic mucosa 
IS active m producing a secretion similar to, if not identical with, the 
gastric juice of the stomach and containing both pepsin and hydrochloric 
acid has been shown several times m cases m which gastric mucosa 
has been seen at the umbilicus in polyps and fistulas (Telling, Stone, 
Taylor, Lexer, Hudson and von Rosthorn), and in a Meckel’s diverticu- 
lum (Schaaff) Such polyps and fistulas are, like Meckel’s diverticulum, 
anomalies resulting from failure of the vitelline duct to undergo normal 
involution at about tbe 7 mm embryonic stage It is therefore reason- 
able to assume that the gastric mucosa found in Meckel’s diverticulum 
is also quite active in secreting pepsin and hydrochloric acid and that 
this secretion increases at mealtime, just as that in the stomach and 
umbilical fistulas is known to do Such a secretion comes at a time 
when the small intestine and Meckel’s diverticulum are relatively 
empty and the alkaline intestinal juice is not being formed The acid 
gastric juice can accordingly act on the intestines undiluted, and it is 
not remarkable that ulcers are not uncommonly associated with this 
aberrant gastric mucosa This is the explanation advanced by Lmdau 
and Wulff for the formation of these ulcers 


Hudson and Kophk found that 67 per cent of their diverticula con- 
tained gastric mucosa All their specimens were pathologic, and there 
can be little doubt but that the presence of much gastric mucosa is certain 
to be associated with some pathologic change Their percentage, accord- 
ingly, must be higher than for the general incidence Koch m 1912 
found that six of fifty diverticula examined contained gastric mucosa, 
Schaetz in 1925 noted gastric mucosa in five of thirty specimens studied 
In the nonpathologic specimens collected for this report there is gastric 
mucosa in but one of fourteen diverticula examined The average of 
the last three senes indicates an incidence of about 13 per cent 

Although the presence of pancreatic tissue m Meckel’s diverticulum 
has been recognized for about seventy years, its occurrence is not very 
common The only available statistics on the incidence of this aberrant 


tissue m this location are those of Schaetz, who found pancreatic tissue 
in three of thirty diverticula examined, and Koch who found it m two 
of fifty specimens An average of these two senes gives an incidence 
of 6 3 per cent, which seems too high in view of the relatively infrequent 
reference to such a condition in the literature 

The primitive digestive tube consists of an endodermal epithelial 
ining and a layer of mesoderm forming the splanchnopleure Originally 
the cells of this endoderm are structurally identical throughout and from 
t lein are developed in the fetus the epithelial lining of all the parts of 
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Von Rosthoin found tissue which to him resembled that of the 
parotid gland in a case of umbilical fistula The occurrence of such 
tissue is difficult to explain, since the paiotid gland is probably of ecto- 
dermal oiigm It IS possible that what he found was really pancreatic 
tissue 

As both islets and acini come fiom the same pnmordia, it is not 
surprising that several authors have specifically mentioned finding islets 
in the aberiant pancreas 

Case 11, that of the specimen with protrusions, while not without 
precedent in the liteiatuie, is unusual Cullen collected reports of sev- 
eral cases of what he teimed heinial protrusions This term is particu- 
larly apt in view of the^ microscopic studv of my case, in which the 
mucous membrane lacks a musculai coat and looks as if it might have 
pushed Its way through this layei Cahill described a diverticulum with 
three “tit-like projections on it ” Kelynach found several specimens with 
“secondary lateral dilations” and some wuth “nipple-shaped projections ” 
Doepfner published five illustrations of diveiticula showing projections 

Practically every type of anomaly lesulting from failure of all oi 
part of the vitelline duct to become obliterated has been described In 
some cases the distal part of the duct fails to atrophy, which results 
in an umbilical fistula or polyp In raiei cases the whole duct fails to 
retrogress, and a patent umbilical fistula results Sometimes Meckel’s 
diverticulum has a thin fibrous strand attached to its distal end where 
atrophy started but was incomplete This fibrous strand may be free 
m the abdominal cavity, or attached at the umbilicus or attached to some 
abdominal organ 

Giant diverticula, while rare, are leported in the literature Diver- 
ticula over 50 cm long have been described (McMumch and Tisdall, 
Edmunds, Moll and Edwards), as well as one which filled almost half 
of the abdomen (Yates) McMuruch and Tisdall expressed the belief 
that certain of these large diverticula represent the remains of both the 
Mtellme duct and the yolk sac It is thought that the persistent stalk 
and sac are drawn into the abdomen b} the intestines when they return 
from the celom of the umbilical cord Christie and Doepfner reported 
terminally bifurcated diverticula 

In addition to the stomach and Meckel’s diverticulum, other portions 
of the gastro-intestinal canal have been described as having at least in 
part a lining of gastric mucosa Nicholson stated that cardiac epithelium 
IS found m 75 per cent of persons m the esophagus at the level of the 
cncoid cartilage This same investigatoi stated that in some cases 
inflammation in various parts of the intestinal tiact causes a metaplasia 
of the epithelium resulting in the formation of gastric glands In sup- 
port of this theory he offered the evidence from seAenteen cases in which 
a gallbladder removed for cholecv^stitis or cholelithiasis contained mucous 
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Doepfner’s figures gne one dnerticulum each in one hundred and t^\o 
males and two hundred and fourteen females Hilgenremer placed the 
figure at one m sixtA -one females and thirty-nme males 

As some of the foregoing data come from autopsy reports and since 
m general more males are brought to necropsi than females, this figure 
IS perhaps a little too high Ho^^e^el ^^hen the figures from the oper- 
ating room are studied, Mhere the numbeis of patients of the ti\o sexes 
are more nearly equal there remains little doubt that iMeckel s dn erti- 
culum occurs more often in males than m females This disproportion 
111 sex distribution of gastric mucosa m cases of jMeckel’s dnerticulum 
accords roughl} Mith that for gastric and intestinal ulcers 

The only instance m the series reported here in iihicli the position 
of the diverticulum vas determined was one in which it was situated 
100 cm above the ileocecal vahe This is the upper limit as gnen b} 
most authors Foerster gave the upper limit as 4 feet (121 9 cm ) aboie 


Table 6 — Dtsinbutton of McckcVs Dncrttculinit as io Sex 


Author 

Male 

Pcmale 

Schnetz 

9 

S 

Kcttler 

"1 

18 

Mitchell 

S3 

i 

Christie 

50 

13 

Hudson tind KopIlL 

so 

13 

Wellington 

201 

W 

Kch nnoh 

11 

7 

Snndlos 

3 

9 

Total 

132 

ISS 

Proportion 

31 

1 


the cecum Fitz placed the position at 12 inches (30 5 cm ) abo^e the 
^alve in the new'-born and 3 feet (91 4 cm ) in the adult In Kel}nach’s 
eighteen cases the upper limit was 50 inches (1288 cm ) the lower 
hunt, 15 inches (381 cm), and tire a^erage 34 inches (876 cm) 
which IS approximately the figure that is usually gnen for its position, 
namel}, 3 feet In Hudson and Kophk’s series of thirt}-two cases 
the dnerticula ranged from 8 to 40 inches (20 8 to 101 6 cm ) aboie the 
ileocecal ^al^e Christie in a series of sixtj -three cases, found the upper 
limit to be 90 cm aboie the cecum, the lower limit, 15 cm, and the 
a\ erage, 50 6 cm 

The question arises as to how^ these heterotopic growths in the rem- 
nants of the Mtelline duct are to be explained Since gastric mucosa 
w as first found m the iinibihcus the earlier attempts at explanation w ere 
concerned with aberrant tissue in this location 

Tillmanns in 1882 first found gastric mucosa at the umbilicus He 
looked on this mucosa as the remains of a gastric dnerticulum which 
projected through the umbilicus and the connection of which with the 



THE INJECTION OF EOSIN INTO THE KNEE 

JOINT 

ITS VALUE IN ARTHROSCOPY 
MICHAEL S BURMAN, MD 
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I have previously indicated ^ that eosin tends to stain eroded areas 
m cartilage selectivel}’’ , that is, the lesion in the cartilage is stained, but 
the surrounding normal cartilage is not I know that this is true of such 
lesions in tissue examined soon after death In experimental arthritic 
lesions produced m the knee joints of rabbits ■ Dy traumatization of the 
cartilage of the knee joint with a large bore needle, no selective staining 
was observed with eosin or wnth any other dye used The intensity 
of staining varies with the concentration of the dye, and the critical 
concentration at which the synovial membrane stains and the cartilage 
does not was observed to be a 0 05 per cent aqueous solution of eosin 
Since I knew of no other dye ivith apparent selectivity, I have used 
only eosm for clinical ivork 

The pharmacologic behavior of eosin may account for its action 
on intra-articular injection It is an acid dye which shows no selective 
affinity for any particular tissue group by any method of administration, 
least of all for fat or nerve tissue Yet a greater receptivity for the 
dye by damaged or dead tissue cells had been noted, and this was stressed 
by Rost ® Folkmar ^ made this interesting statement “Just why a 
living cell IS stained by a neutral or basic dye, while a dead cell is stained 
by an acid dye, is still, problematic " 

This must be, then, the pharmacologic peculiarity of eosin which 
makes it selective for diseased areas in cartilage Yet since eosin is a dye 
without specific affinity, it may occasionally stain normal cartilage, 
and in fact it does But it is obserA^ed that the depth of staining of 
diseased parts is greater than that of any normal part 

From the Hospital for Joint Diseases, the Service of Dr Leo Mayer 

1 Barman, M S Selective Staining of Diseased Areas in Cartilage by 
Intra-Articular Injection of Djes An Experimental Cadaver Study with Special 
Reference to Arthroscopy, Arch Surg 26 153 (Jan ) 1933 

2 Barman, M S , and Sutro, C J Staining of Cartilage Gross Staining 
by Intra-Articular Injection of Dves in Animals, Arch Surg 27 801 (Oct ) 1933 

3 Rost, E Wirkungen des Eosins auf Tiere II Pharmakologische Unter- 
suchung des Eosins, mit Berucksichtigung der Wirkungen des Fluoreszeins and 
Erjthrosins, Arb a d Gesndhtsamte 40 171, 1912 

4 Folkmar, E A Selectne Action of Djes Used in Medicine A Historical 

Review, J Radiol 6 213, 1925 
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McMurnch and Tisdall desciibed several cases which suggest that it can 
anse from the mesenteric bordei They mentioned the case of Robert- 
son which has not yet been lepoited, in which the diveiticulum arose 
from the ileum on its mesenteric side 20 cm from the ileocecal valve 
Edmunds leported a case m which the diveiticulum ran 40 cm through 
the mesentery In an 18 )fear old giil, Reed found a divertic- 
ulum which arose from the mesenteric border of the intestine Abt 
and Strauss found a diverticulum which was located between the layers 
of the mesentery and which aiose fiom the mesenteric border Accord- 
ingly, It appears probable that Meckel’s diverticulum can and sometimes 
does anse from the mesenteric side of the intestine and that the case 
of Tajlor represents the remains of a very small Meckel’s diverticulum 
Except for this case and the cases of Nicholson, which he believed to 
be due to inflammation, no cases of gastric mucosa occunmg in the small 
intestines proper could be found 

The stomach, esophagus and whatever lemains of the vitelline duct 
grow relatively slowly as compared with the intestines, which, during 
the stage when the gastric glands are being differentiated from the 
primitive endoderm (middle of the second month), are growing so 
rapidly that they are forced to occupy the celom of the umbilical coid 
It seems particularly significant that gastric mucosa has been reported 
in each of these slow-growing regions of the digestive tract but not in 
the faster-growing ileum and jejunum This theory was originally pro- 
posed by Stone in 1923, with a statement that the rapid growth of the 
intestines inhibited the “high degree of differentiation found in gastric 
mucosa ” 

Briefly, there are two chief theories in explanation of the occurrence 
of gastric mucosa m the lemains of the vitelline duct 

1 The gastric mucosa represents dislocated fragments of tissue 
engrafted in the vitelline duct 

2 The simpler and more obvious explanation is that the primitive 
endoderm, which possesses the pluripotentiahty of developing into any 
one of the several types of epithelium or glands of the digestive tract, 
IS stimulated locally in some undetermined manner to develop into a 
tissue anomalous for a particular region Such stimulation has been 
thought to be irritation, inflammation, lack of bile and relatively retarded 
growth at certain levels It appears probable that any or all of these 
factors may be operative in variable degree 
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on the under-surface of the patella seen through the arthroscope, stained a greenish 
color, bordered by a ring of red-pink No note was made regarding the staining 
of cartilage elsewhere In a man, aged 27, in whom this disease was localized 
solely in the synovia, the normal cartilage did not stain, this was also noted in 
the opened joint Uniform light staining of the synovia and of the cartilage 
occurred in a woman, aged 37, in whom synovectomy of the knee had been done 
more than a year before A woman, aged 58, in whom arthroscopy alone revealed 
a villous synovitis and some opacitj and fuzziness of the internal femoral condyle 
showed no staining of the cartilage of the femoral condyles There was a similar 
experience in the case of a woman, aged 31, with chronic villous synovibs The 
under-surface of the patella did stain a little in streaks When synovectomy was 
done on this joint a week later, no dye was seen in the joint No erosions of 
the cartilage were seen, and the cartilage in general was a bit more yellowish 
and fuzzier than is normal 

In the one tuberculous knee, into which the dye was injected pre- 
ceding fusion of the knee, theie was noted a uniform, light pink 
staining of the synovia, especially of the quadriceps pouch Several 
erosions of the femoral condyles had picked up the dye, but several 
others, which were even laiger, had failed to do so The reason for 
this was that they weie covered by an adherent and inflamed synovia 
which did not allow contact with the dye The normal cartilage over 
the midpart of the femoral condyles did not stain but showed a mild 
pink 

In none of these cases was an attempt made to determine the />h 
of the joint before and after injection or the pn of the eosm injected I 
conferred with Dr Aaron Bodansky, chemist of the Hospital for 
Joint Diseases on this particulai point It is not possible to use the 
indicator method in determining the pn of the eosinized fluid, and special 
apparatus is necessary It is a point woith investigating Eosm is an 
acid dye Any selectivity it may possess should be due to a basic reaction 
of eroded areas in cartilage 

The reaction of the synovial fluid varies in health and disease An 
interesting study by Borghi ® is pertinent Using the method of Rous,® 
who had found that ceitam indicators injected intravitally appeared 
in the joint fluid, Borghi injected phenol led intravitally m an 
effort to study the actual leaction of the intra-articular tissues under 
various conditions, especially the reaction of joint cartilage Thus, 
he noted that heat applied to a joint produced alkaline changes, cold 
applications gave a light and inconstant acidity Long duration of 
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It has been known for a little more than fifty years that after local 
asphyxia there occurs a local vasodilatation, which is nearly a maximal 
response of the vessels involved provided that the asphyxia has been 
of sufficiently long duration The immediate cause of this vasodilatation 
IS unknown This phenomenon is of frequent occurrence and is of great 
value to the tissues from a protective standpoint, since it is obvious that 
in terrestrial life the standing, sitting or lying posture must lead to 
anemia of the weight-bearing tissues and therefore to a reactive 
vascular dilatation whenever the static force has been of appreciable 
duration, perhaps longer than one second ^ It is obvious that a local 
anemia is accompanied by increased loss of heat provided that the sui- 
rounding climate is cooler than the temperature of the anemic part 
This paper is conceined with a quantitative study of the thermal effects 
111 local asphyxia and recovery 

REVIEW OF THE LITERATURE 

The term reactive hyperemia ivas first used by Bier “ to describe 
the intense hyperemia of the skin following vascular stasis in the 
extremity The most fruitful studies of the problem have been made by 
the use of various mechanical devices to constrict the blood vessels and 
observation of (1) the bright arterial flush in the skin, (2) changes 
in the volume of the tissues, (3) the rate of inflow of blood following 
release and (4) changes of systemic blood pressure 

Although it may have been previously observed by physiologists, the 
first clear description of the phenomenon was made by Cohnheim,® who 

From the Department of Surgery of the University of Chicago 

This work was done under a grant from the Douglas Smith Foundation for 
Medical Research 
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strenuous exercise and somewhat greater than the vasodilatation fol- 
lowing exposure to heat Thus occlusion for ten minutes was followed 
by greater and more prolonged hyperemia than soaking in water at 44 C 
for thirty minutes Studies of the volume of the limbs suggested that 
hyperemia occurred in all the tissues Study of the rate of inflow of 
blood showed that dilatation occurred during the obstructive phase 
These workers also presented strong evidence that the arterioles and 
capillaries are the chief vessels responsible for the hyperemia After 
the removal of a tourniquet the cutaneous hyperemia did not extend 
as much as 1 mm beyond the asphyxiated areas Lewis considered the 
nature of the vasodilating agent and stated that the effect is probably 
due to the formation of slowly diffusible metabolites in the extravascular 
spaces Bier also concluded that the larger vessels are not involved 
in the hyperemia Goldblatt ^ showed that skinning the leg did not 
abolish this increase of volume of the limb following the release of cir- 
culatory arrest 

Krogh presented evidence that lack of oxygen is not the primary 
factor necessary for the development of the vasodilating substance He 
noted by direct observation of the capillaries that completely anemic 
areas responded to asphyxia by dilatation 

No data are supplied in the present paper concerning the nature 
of the vasodilating substance The older work on this subject was 
reviewed by Fleisch,^® who stated that an increased acidity is responsible 
for the increased flow of blood but that doubtless this is not the immedi- 
ate mechanism responsible for dilating the vessels The problem is a 
thorny one Since normal blood readily acquires vasodilator properties, 
as was shown by the work of Phemister and Handy, great care is 
necessary in interpreting data acquired by perfusion methods about 
such a delicate reaction as reactive hyperemia 

Thermal changes in an extremity in which circulation was arrested 
were studied by Bazett and McGlone,^^ using the thermocouple method 
These workers showed that during stasis there is a definite but very 
gradual cooling of the tissues, and on release the previous temperature 
IS regained and a still higher level is attained as the result of reactive 
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14 Krogh, A The Anatomy and Physiology of Capillaries, New Haven, 
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17 Bazett, H C, and McGlone, B Studies m Sensation Chemical Factor 
in Stimulation of End-Organ Giving Temperature Sensations, Arch Neurol & 
Psychiat 28 71 (July) 1932 
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Rost and others have adequately demonstrated the absence of tovic 
effects following the administration of eosin by various routes, and this 
observation is not denied by my experience with the dye 

I injected from 10 to 20 cc of a 005 per cent aqueous solution of eosin into 
eleven joints in seven of which the injection was made subsequent to arthroscopy 
In a twelfth case a 0 5 per cent aqueous solution of eosin was accidentally injected 
into the knee joint, and intense diffuse staining of both synovia and cartilage, both 
of which were normal, was observed through the arthroscope Visualization of 
this joint after staining with so strong a solution was poorer than visualization 
with the unaided eye Yet no irritation of the joint was noted 

The solution was sterilized before injection, injected in proper amount and 
immediately reaspirated or flushed out with physiologic solution of sodium 
chloride or Ringer’s solution Staining was always immediate and superficial 
The dye caused no irritation whatsoever to the joint and was rapidly absorbed, so 
♦hat in the two cases in which arthrotomy was done no trace of the dye nor any 
irritation from it was seen a week later 

It IS not necessary to inject eosin into a joint for clear vision at 
arthroscopy Yet the dye does make the synovia stand out more clearly, 
and other structures are better seen The joint space is stained a 
fluorescent green, into which a few fine bluish-green synovial villi may 
be seen floating The synovia usually stains a light pink, and the villi 
are clearly outlined against the unusual background of the fluorescent 
joint space 

It has been my problem to decide definitely whether this dye stains 
eroded areas in cartilage selectively 

In three cases in which operation was done for the removal of a 
torn meniscus, the following findings were observed 

In one case it was seen through the arthroscope that the relatively normal 
femoral cartilage did not stain, although it did have a pinkish tinge An erosion 
on the under-surface of the patella was stained deeply The internal meniscus 
stained a fluorescent green At arthrotomy, a week later, no dye was seen m 
the joint and the surgeon did not examine the under-surface of the patella In 
another case, the synovia and the normal cartilage within the joint were stained 
uniformly The most interesting case m this group was that of a man of 22 with 
a tear of the posterior part of the internal meniscus and an erosion of the internal 
femoral condyle This eroded area was stained a delicate pink, which clearly 
delineated it The joint, which was opened immediately after arthroscopy, showed 
that this eroded area had stained fairly well but that certain areas in the normal 
cartilage had stained too In a youth, aged 17, with osteochondritis dissecans 
of the external femoral condyle, the normal cartilage had not stained, and the 
area of dissected cartilage had stained a light pink 

The following findings were noted in six cases of chronic villous 
synovitis in winch the joint cartilage showed little or no change 

In 1 woman, aged 22, in whom the dj'e w'as injected into the joint just before 
arthrotonij and allowed to remain in the joint for five to ten minutes, there was 
uni orm staining of both cartilage and synovia In a vouth, aged 18, an erosion 
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RESULTS 

Experiment l—Thomal changes m complete asphyxia of limb resulting from 
mechanical consti ictwii 

An inflatable cuff of the Riva-Rocci type was placed around the midthigh of 
a man, and thermocouple loops were placed on the skin over each ankle and knee 
and above the counter cuff After a preliminary determination of the temperature 
the cuff was inflated to a pressure equivalent to SO mm of mercury above the 
systolic blood pressure and maintained for twenty-five minutes The results m 
this case, typical of those obtained m twelve determinations in four subjects, are 
shown m chart 1 In the constricted leg there was a greater fall m temperature 
of the knee than m that of the ankle, a slow but steady rise of the temperature 
occurred in the control leg and above the tourniquet m the experimental limb At 



Chart 1 (subject B H B ) — A tourniquet was applied for twenty-five minutes 
on the left midthigh with thermocouples on the skin over the ankle and knee of 
each leg and above the constrictor on the left leg The graph shows the lowering 
of the temperature m the obstructed area with hyperthermia following release 
A rise of the temperature in the control areas during the period of obstruction 
followed by a decrease on the removal of the tourniquet is also shown The 
solid lines indicate the changes in temperature at the left medial condyle (upper 
line) and at the left internal malleolus (lower line) The broken lines indicate the 
changes m temperature at the right medial condyle (upper line) and at the right 
internal malleolus (lower line) The broken line with dots indicates the change of 
temperature on the left thigh above the tourniquet A and B indicate the time 
of application and of removal of the tourniquet 

the time of release, there occurred a large increase m temperature above the 
initial readings m the constricted leg and a sharp fall in the temperature of the 
control areas 
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immobilization pioduced acid changes, whereas the labor of passne 
mobilization or of primary motion gave alkaline changes The changes 
of disease seldom lower the pn of the joint fluid lower than 7, accord- 
ing to Seehger " The protective eftect of the oily synovial fluid ma} 
retard the staining of the caitilage 

These fundamental theoretical points must be appreciated and 
completely elucidated before the effects of staining of the joint cartilage 
by dyes can be fully understood The paths of absorption of materials 
injected into joints, especially the knee joint, have been fairly well 
worked out 

From a practical standpoint, it can be stated, even from this small 
senes of cases, that eosin can cause diffuse staining of normal cartilage 
and synovia , that, while erosions of various etiolog}' on cartilage u ill stain 
selectively with eosin, normal cartilage m the presence of these erosions 
will also stain, usually in spots The visualization of an eroded area 
IS made clearer by the use of the dye Lightly altered cartilage without 
erosion usually does not stain Greatly degenerated cartilage stains 
diffusely 

Since the dye is nonirritating and since it clarifies vision, I see no 
reason why it should not be used in properly selected cases as an adjunct 
to arthroscopy 

7 Seehger Em Beitrag zur pathologischen Ph 3 'siologie der Gelenke unter 
Berucksichtigung der Gelenkmausbddung, Arch f khn Chir 142 606, 1926 
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other in a lowered position for five minutes The cuff was inflated, and the legs 
were subsequently maintained in a horizontal position In each instance, as shown 
in chart 4, there was a greater rise in temperature following release m the leg 
which had been elevated, and which was pale and relatively anemic, than in the 
congested leg 

Experiment 2 —Thermal changes m the partially asphyxiated limb 

In the tests on human subjects a Riva-Rocci cuff on the thigh was distended to 
diastolic pressure and allowed to remain m place for thirty minutes To obtain 
an estimate of the amount of blood leaving the leg, 6 mg of phenolsulfonphthalem 
(phenol red) was injected into a dorsal vein m the foot immediately after disten- 
tion of the cuff The subject voided urine just before the removal of the tourni- 
quet, and the amount of excreted dye was compared with a similar volume of 
phenolsulfonphthalem excreted under identical conditions without vascular con- 



Chart 3 (rabbit 70) — A tourniquet was applied to the nght thigh with thermo- 
couples m the marrow of the tibia and the metatarsal bones and m the subcutaneous 
tissue m the lower part of each leg The fall m temperature m the control areas 
and the hyperthermia m the experimental leg on the removal of the obstruction 
are demonstrated The solid lines indicate the changes m temperature m the 
marrow of the right femur above the tourniquet (upper line) and in the marrow 
of the right metatarsal bones (lower line) The broken lines indicate the changes in 
temperature m the marrow of the left femur (upper line) and in the marrow of the 
right tibia (lower line) The broken line with dots indicates the change of 
temperature m the subcutaneous tissue of the lower part of the nght leg A and B 
indicate the time of application and of removal of the tourniquet 

stnction It was found that amounts varying from a trace to 18 per cent of the 
amount excreted in the control experiment were excreted, showing that the amount 
of fluid leaving the partially constricted leg is small As is shown in chart 5, the 
temperature fell slightly m the congested leg and continued to fall after the removal 
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observed flushing after the removal of a ligature applied to tlie tongue 
of a frog Roy and Brown * m experiments on the web of tlie frog’s 
foot observed that there was dilatation of arterioles and capillaries 
following anemia, that the effect w'as more marked wdien the anemia 
had been of longer duration and that it occurred wdien the sciatic 
nerve had been cut That the hyperemia is of greater magnitude and 
of longer duration the longer the period of circulatorj’^ arrest, w ithm an 
upper limit, was first observed by Lister® and has since been proied 
by others ® Baj liss ’ and others ® show'cd that equal periods of occlusion 
are followed by approximately equal degrees of hyperemia 

Bier ‘ show'ed that reactive hyperemia is a local effect on the tissue 
occurring independently of the content of blood m the extremity and of 
the nervous system m man and in the pig This w orker amputated the 
leg of a pig, except for the femoral vein, and connected the cut ends of 
the femoral artery w ith a glass cannula Obstruction of the flow^ of blood 
through the cannula for fi\ e minutes w'as followed b}^ a strong hyperemic 
flush m the skin This obseri ation w^as confirmed by Goldblatt ^ In 
the pig Bier excised the dorsolumbar portion of the spinal cord, sectioned 
both sympathetic chains and then clamped the aorta for five minutes , a 
strong hyperemia occurred on reestablishment of the circulation Lew is 
and Grant® showed in man that reactive hjqieremia occurred m skin 
wherein the neries had degenerated, and this has been confirmed^ 
for the dog 

Bayliss found that arterial obstruction m the denervated hmb 
caused a decrease m the Aolume of the limb and that removal of the 
obstruction was follow'ed by an increase in the volume of tlie limb 
and a fall of general blood pressure Von Anrep^^ confirmed this 
observation and showed that if the mam artery and vein of the limb 
were clamped the leg did not decrease in volume but that following 
release sw elhng of the hmb occurred 

Ingenious experiments deiised by Lewus and Grant showed that 
reactne h3peremia is due to a great dilatation of the involved blood 
lessels and that it is onh slightly less than the changes occurring in 

4 Roa, C S. and Brown, G J Plnsiol 2 323, 1879 

5 Lister, T Brit M T 1 923, 1879 

6 (a) Tonnta C Arch f d gcs Plnsiol 116 299, 1907 (b) Lewns T, 

and Grant, R Heart 12 73 1925 (c) Goldblatt i (d) Bier^ 

7 Baihss, \V M T Plusiol 28 220, 1902 

S (o) Tonnta 6a Lewis and Grant Goldblatt i 

9 Lewis T and Grant R T Heart 12 209, 1924 

10 Baihss \V H T Plwsiol 26 29, 1901, footnote 7 

11 ion Anrcp, G T Plnsiol 45 318 1912 

12 Lew IS and Gnant (tootnotes''bai»ia 3 
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of the constriction, and this was not accompanied by hyperthermia, indicating 
that a much smaller hyperemia occurred than in the completely obstructed leg 

Experiment 3 Thermal effects of the injection of latge doses of epmephune 
into the main arteiy of a limb of the dog 

In order to determine whether the musculature of the blood vessels is paralyzed 
or not, this experiment was devised and carried out on dogs Thermocouples were 
inserted in the muscles of each leg and over the sternum, and with the area under 
procaine hydrochloride anesthesia the femoral artery was exposed in each groin 
A rubber tube constrictor was applied as high m the thigh as possible for 
twenty minutes and then removed, and 0 5 cc of a solution of epinephrine hydro- 
chloride (1 1,000) was injected into the femoral artery as quickly as possible 
As may be seen in chart 6, which shows results typical of those obtained in the 



Chart 6 (dog 132) — Mechanical constriction of the left thigh for twenty- 
two minutes was followed by the injection of 0 5 cc of Ringer’s solution into the 
right femoral artery The broken line with dots indicates the changes of tem- 
perature in the chest wall The broken line indicates the changes of temperature 
in the right leg, and the solid line indicates the changes in temperature in the left 
leg At A the tourniquet was applied to the left thigh, at B the tourniquet was 
removed, and epinephrine hydrochloride was immediatelv injected into the femoral 
artery , at C the tourniquet was applied to the right thigh, and at D it was removed, 
and Ringer’s solution was immediately injected into the femoral artery 


four experiments made, during the period of mechanical constriction the typical 
fall of temperature occurred During the period of injection of epinephrine a slight 
rise occurred, obviously due to warm blood entering the leg, but this was quickl> 
followed by a further lowering of the temperature at the same rate as with 
mechanical constriction for eighteen minutes, when a temperature above the 
initial readings occurred In order to evaluate the effect of mechanical inter- 
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li3peiemia The published data of these \Aorkers ha\e been few and 
do not include a complete theimal record during and after -vascular 
occlusion Hintze studied thermal effects following the application of 
a tourniquet by means of a mercury thermometer held in the fingers 
and concluded that the elevation of the temperature amounted to about 
0 5 C (0 9 F ) above the initial reading and that it persisted for approx- 
imately two hours This Morker, as well as many others showed that 
cooling of the tissues is not the causatne agent of the dilatation 

METHODS 

Most of the obsenations were made on man, although the dog and the rabbit 
were also used Unless it is stated that anesthesia was used, the subjects were 
not anesthetized All determinations of heat were maoe with a thermo-electric 
couple, the component elements of winch were copper and constantan The refer- 
ence junction was kept in a Sheard constant temperature batli^® The lariable 
junctions were of three types All obser\ations on the skm were obtained witli 
loops of no 30 gage copper and constantan wire kept m place on the surface of 
the skin b) a rectangular piece of surgical adhesn e tape about 2 b\ 0 5 cm The 
temperature of the muscles W'as obtained bv soldering 44 gage insulated copper 
and constantan wires into a 26 gage steel Inpodermic needle To obtain the 
temperature of tlie bone marrow' couples were constructed of 34 gage insulated 
wires, twisted for about 2 cm and soldered at the end, which were inserted into 
the marrow' caaitj after puncture of the superficial tissue and the bone with a 
large (18 gage) hypodermic needle These punctures were made in the rabbit 
■during brief ether anesthesia A definite lack of res’stance was noted when the 
needle entered the marrow caviti, and blood appeared m the lumen, tlie couples 
then entered the marrow cant) to am desired depth, the needle was remoied 
01 er the wires and the puncture wound was sealed with collodion The gaha- 
nometer -® w'as of the D’Arsom al ti pe, w ith a sensitn ih of 0 004 micro-amperes 
per millimeter at a distance of 1 meter, a period of four and four-tenths seconds, 
a damping resistance of 280 ohms and a coil resistance of 41 oliins The thermo- 
couple circuit,-^ including the gahanometer and switches, was composed entireh 
of copper except for the relatn eh short section of constantan betw een the reference 
and the obsenation junction A resistance of 350 ohms in addition to thermo- 
couples, switches, etc, was inserted m the circuit This ga\e a deflection of 1 9 cm 
per degree centigrade at a distance of 1 meter, and the limit of accuraci of the 
instrument was 005 C (009 F ) The ensemble was repeatedh calibrated against 
a mercurj thermometer, water of known temperature being used in a Dewar flask 

All the experiments were conducted in a quiet, warm (21 to 26 C ) room 
Ps\ chrometric determinations of temperature and relatn e humidih were made 
The experimental animals were placed on a table for a preliniinan resting period 
of from ten to ninetj minutes preceding all experiments, and throughout the 
period the table was insulated with blankets to minimize artificial loss of heat 

18 Hintze, A Deutsche Ztschr f Chir 234 172, 1931 

19 Sheard, C Am J Chn Patli 1 209, 1931 

20 Leeds and Northrop, tape R, 2,500 C 

21 Dr Paul C Foster, of Tulane Unnersita aided in the design and constnic- 
lion of the circuit 
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blood came from the wound The vessels became occluded with blood clots, so 
that after the constricting effects of the epinephrine had worn off there was no 
bleeding At the end of this two hour period the normal leg was amputated at 
the same site without hemostasis and without injection of epinephrine, the dog 
died in sixteen minutes of anemia, having lost 293 cc of blood This evidence is 
rendered as proof that injection into the femoral artery of relatively large amounts 
of epinephrine causes complete \asoconstriction and renders the tissue supplied by 
the arten essentially bloodless 

Experiment 4 — Thermal effects of injection of large doses of epmephrnw 
vita the main attety of a limb m man 

In three men a relatively large dose (05 to 0 75 cc ) of epinephrine hydro- 
chloride (1 1,000) was injected into the femoral arterj just below the inguinal 



Chart 8 (subject MO) — Cutaneous temperature readings o%er both ankles 
and knees after the injection of epinephrine hydrochloride solution into the right 
femoral artery Reading from the top down the lines indicate the changes in 
temperature in the left medial condyle, the left internal malleolus, the right medial 
condyle and the right internal malleolus At A, 0 75 cc of epinephrine hydro- 
chloride (1 1,000) was injected into the right femoral arterr 

ligament In subject M O (chart 8) there was a rise in the systemic blood 
pressure of 68 mm of mercury in four minutes, accompanied by tachycardia and 
slight dyspnea The experimental leg became cadaveric in its waxy -white appear- 
ance, and there was complete obliteration of the pulses in the dorsalis pedis and 
posterior tibial arteries There were few unpleasant sensations in the anemic leg, 
and cooling occurred The recovery began in about twenty-five minutes after the 
injection, there developed in the skin a circumferential band of hyperemic flush 
about is’ cm in length which appeared first in the midthigh and progressed m a 
bandhke fashion to the foot As the hyperemic band progressed centnfugally, 
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Essentially similar results \\ere obtained in siv dogs and four rabbits In these 
animals an area m the lateral aspect of the upper part of the thigh was infiltrated 
with procaine h} drochloride, and the anesthetized area uas transfixed with a steel 
pm to hold in position a thin rubber tourniquet used to obtain stasis Greater 
thermal changes, both of cooling and of heating, were obtained in these animals 
than in man, presumablj owing to the lesser thermal capacity of the limb In 
chart 2 a tjpical result is shown in a rabbit in which a thermocouple was placed 
in tlie marrow' caiitj of each tibia and m the muscles of the lower hindleg and 
each foreleg It will be seen that the increase of heat following circulatory release 
IS much greater m the bone marrow than in the adjacent muscles, and in all experi- 
ments the bone marrow’ was found to heat more than the muscle, the subcutaneous 
tissue or the skin 

In chart 3 thermal changes are shown in the obstructed leg of a rabbit in winch 
thermocouples were inserted into the marrow' caiiti of the metatarsal bones, the 



Chart 2 (rabbit 50) — A tourniquet was applied on the left thigh for fort\ 
minutes witli thermocouples m the muscles and marrow of the lower part of the 
leg on both sides The loss of heat during the period of obstruction followed b\ 
Inperthermia on release is shown There was a slight drop in temperature of the 
control areas on release of the constriction The solid lines indicate the changes 
m temperature m the right foreleg intramuscularh (upper line) and in the marrow 
of the left leg (lower line) The broken line indicates the changes in temperature in 
the muscle of the left leg The broken dotted lines indicate the changes of tem- 
perature in the muscle of the right leg (upper line) and m the marrow of the 
right leg (lower line) A and B indicate the time of application and of removal 
ot the tourniquet 


ti n and the femur It will be observed that there was no fall of temperature 
o the cavitj of the femur, and a roentgenogram showed that the couple had been 
inscrtc above the constrictor The extent of the thermal changes brought about 
bv ■stasis and release mav be seen 

\ senes of six experiments were done on human beings Before the constrict- 
ing cu was applied to the thigh one leg was maintained in an elevated and the 
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COMMENT 

It IS obvious that circulatory changes can be profitably studied in the 
limb from a thermal standpoint provided a lower temperature exists in 
the laboratoiy than in the area studied When the extremity the cir- 
culation of which was obstructed was kept at body temperature, there 
was no loss of heat Since a A'^ery small amount of heat is produced m 
a quiet extremity, an increase of heat must mean an increased floiv of 
blood from the interior of the body, and a rise of temperatuie in the 
quiet extremity therefore indicates an increased flow of blood Cooling 
need not mean a decreased flow of blood, but it must be interpreted in 
the light of the following factois (1) the thermal capacity of the 
tissue, which is related to the bulk of the limb and to the insulating 
capacity of the covering, especially subcutaneous fat, skin and hair 
(thus a small limb Avith thin insulation lost heat more rapidly than a 
limb in which the insulation Avas greater) , (2) the temperature and 
moisture of the surrounding an, and (3) local sAveating Of these 
adventitious factors, the first tAvo are eliminated by study of the cor- 
responding noimal extremity Local sweating is the most difficult inter- 
fering factor to control and Avas of importance in some of the experiments 
with human beings, since several times before removal of the constricting 
cuff sweating Avas observed in the control extremities Avhile the obstructed 
hmb remained dry In considering, then, the limitations of the method, 
especially Avith regard to SAveating, which applied chiefly to man, it Avas 
found that the thermal events incident to circulatory release coincided 
AVith flush, hmb volume and inflow methods previously used, provided the 
studies were made under controlled climatic conditions and with adequate 
control observations of the corresponding normal extremity 

The thermal data show that all the tissues in the extremity par- 
ticipate in the cooling during a period of mechanical obstruction and 
in the hyperthermia following release It seems proved that hyperemia 
occurs m bone marroAV and in muscle as Avell as in the skin, it may 
be seen from charts 2 and 3 that there Avas no lag m the increase of 
heat in the deep tissues, such as Avould be anticipated were the hyperemia 
confined to the skin, Avith conduction of heat producing elevation of 
the temperature of the deeper structures 

It was found that greater increments of heat occurred in the deeper 
tissues, especially in the bone marrow, than in the skin This is at least 
partially accounted for by increased insulation of the deeper tissues, 
with less chance for loss of heat than in the skin 

The recovery from mechanical obstruction of circulation in the 
hmb Avas in each case folIoAved by hyperthermia when the duration of 
the arrest had been longer than fifteen minutes In sharp contrast, m 




Chart 4 (subject M 0 ) — Tourniquets were applied to both legs after the 
left leg had been ele\ated and the right leg lowered for five minutes A greater 
degree of hyperthermia developed m the left leg than in the right A fall of 
temperature of OS C occurred in the skin of the upper part of the right arm 
after the release of the circulation The broken line with dots indicates the changes 
in temperature in the right arm The broken line indicates the changes of tem- 
perature of the right foot, and the solid line indicates those in the left foot A 
indicates the time at which the left foot was elevated and the left foot was low ered 
B indicates the time of application of the tourniquet and of returning both legs to 
the horizontal position, and C indicates the time of removal of the tourniquets 



Chart 5 (subject C H ) — Application of mechanical stasis at diastolic pres- 
sure (70 mm of mercurj) on the left leg for thirt\-one minutes was not followed 
bj hiperthcnma m tlie leg The broken lines with dots indicate the changes in 
temperature m the left knee (upper line) and in the right knee (lower line) The 
broken line indicates the changes in temperature in the right foot, and the solid 
line indicates those in the left foot At -1 the tourniquet was applied to the right 
thigh at B phenolsulphonphthalein was injected into the right leg, and at C the 
patient toidcd urine, and the tourniquet was remoaed 
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agrees with much previous work which has indicated continued spasm 
of local blood vessels 

The fall of temperature in the control areas when a mechanical 
tourniquet was removed from another limb has not been previously 
observed This decrement, amounting to from 0 3 to 3 C (0 5 to 5 4 
F ), always occurred It is undoubtedly related to the fall m systemic 
blood pressure and perhaps indicates vasoconstriction It is not entirely 
due to the passage of blood through a cool limb In a senes of five 
experiments on man, mechanical arrest of circulation was produced m 
both legs with an inflated cuft while thermal changes in the arm were 
measured At the time of arrest of circulation the obstructed limbs 
were covered with blankets and heated with electric lights, so that a 
great increase in local heat occurred (to 40 C [72 F ]) When the 
tourniquets were removed, a slight fall in the temperature of the arm 
alway occuried 

Lewis and Grant concluded that after an increase of venous pres- 
sure a state of vasodilatation occurs of veiy similar grade to that pro- 
duced by arterial occlusion In none of the present experiments was 
the hyperemia of sufficient degree to produce hyperthermia, which 
alwa 3 'S occurred after comparable penods of arterial obstruction by 
mechanical means 

CONCLUSIONS 

The thermal changes following circulatory obstruction and release 
are comparable to those produced by the pievious methods of studying 
these phenomena, provided certain limiting factors in the method are 
controlled Mechanical obstruction results in decrement of heat, and 
release is followed by a hyperthermia m the limb 

Chemical obstruction of the ciiculation by intra-arterial injections 
of epinephrine is followed by a similai decrement of heat but differs 
from stasis produced by mechanical means in that hypertheimia does 
not occur after release A preceding mechanical arrest of circulation 
shortens the effect of an immediatelj'^ subsequent intia-arteiial injection 
of epinephrine and leads to hyperthermia 

Injections of epinephrine hydrochloride into the femoral artery of 
the dog and of man in doses of 0 5 to 0 75 cc (1 1,000) produce com- 
plete vascular spasm even of the large aiteries, and recovery as judged 
by the visual observation of hyperemic flush of the skin occurred in a 
centrifugal manner, beginning proximally in the thigh Not only do the 
thermal curves noted after the injection of epinephrine suggest complete 
arrest, but amputation below the knee was accompanied by very slight 
hemorihage 


23 Rous, P, and Drurj, D R I Exper Med 49 435, 1929 
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fercncc \\ith the circulation due to the needling of a mam artery, a tourniquet 
was then applied on the control kg for twenty minutes, and after its removal, 
05 cc of a 09 per cent solution of sodium chloride rvas injected into the lumen 
of the control femoral artcr\ This did not interfere with the development of 
trpical local Inpcrthermn 

In another series of fir e dogs, 0 5 cc of a solution of epinephrine hydrochloride 
(1 1,000) was injected into the femoral artery A typical thermal curve is seen 
111 chart 7, there occurred a stead} fall of temperature m this animal for one 
hundred minutes, followed hr a gradual rise of temperature to normal, but without 
li}perthermia A rise m temperature above normal did not occur m any animal 
of this series 

Since the fall m temperature following the experimental injection of epi- 
nephrine resembled closeh that following mechanical constriction, observations 
were made to determine how complete the rasoconstriction was m the latter case 
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Chart 7 (dog 907) — Injection of 05 cc of epmephnne hydrochloride solu- 
tion (1 1,000) into the left femoral artery was followed by a gradual lowering 
of the temperature and then by hyperthermia The broken line indicates the changes 
of temperature m the right leg, the broken line with dots indicates those m the 
chest Avail, and the solid line indicates those m the left leg At A, 0 5 cc of 
epinephrine was injected into the left femoral arterj 


In four dogs Aveighing between 8 and 16 Kg , under ether anesthesia, a cannula 
was inserted m a carotid artery to obtain a record of blood pressure, and an injec- 
tion of 0 5 cc of epinephrine hydrochloride (1 1,000) into the femoral artery 
Avas made A typical experiment m a dog weighing 9 Kg follows Three 
minutes subsequent to the injection, the leg Avas amputated just below the knee 
joint, Avithout any mechanical attempt to control hemorrhage, and a vessel was 
held below the site of operation to collect any blood lost Three drops of blood 
(03 cc ) Avas lost during the procedure The amputated portion was pale and 
appeared grossly to be almost completely bloodless For two hours the stump 
of the leg was allowed to he open and unsupported over the collecting vessel 
There occurred a very slight ooze of blood and during this time, m all, 2 cc of 
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Tximois — Wharton^ contended that the outlook m the treatment 
of malignant tumors of the kidney is improving because of the use of 
radiation preoperatively to reduce the size and make nephrectomy feasi- 
ble and because of the transperitoneal approach foi removal 

The results of lumbar nephrectomy for renal tumor have been poor 
because these growths, which reach enormous size, are highly vascular, 
are made up of friable tissue which is characteristically transplantable 
and have a thin, delicate capsule which is easily ruptured The mobili- 
■zation and manipulation necessary before the renal pedicle can be reached 
and ligated tend to produce hemccrhage, distant metastasis from milk- 
ing tumor cells into the blood stream and local recurrences fi om rupture 
of the capsule The last structure to be seen and controlled is the 
renal pedicle, whereas it should be the first 

These disadvantages of lumbar nephrectomy are eliminated by the 
transperitoneal approach, which permits one to see the tumor clearly, 
to expose and ligate the renal vessels before it is handled or moved, 
to ligate aberrant vessels and the collateral venous supply, which is 
usually enormously enlarged, and to remove intact the kidney with the 
surrounding tissues, the capsule of Gerota, the perirenal fat and areolar 
tissue and as much of the ureter as is desired Since these advantages 

t Deceased 

1 Wharton, L R Transperitoneal Nephrectomy for Malignant Tumors of 
the Kidney, Surg, Gynec & Obst 60 689 (March) 1935 
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imoKing new «kni the proxmnl lnpe»einic arci fuled and when it reached the 
lower part of the kg the arteries ot the foot began to pukate weakK and soon 
returned to normal Ihe process ot reco\er\ was associated with a mild tingling 
in the foot, much less than that expcrienecd fedlowmg the remo\al of a tourniquet 
In subject F N a 2S gage needle was ni'-cted into the lumen of the femoral 
artcr\ blood was withdrawn and 0 75 ee of epinephrine h\ drochloride (.1 1 000) 
was injected Apivarenth the injection was made directh into the wall of the 
arter\, because after the injection blood could not be aspirated m the seringe, and 
there occurred at the site of injection a pronounced sestohe thrill and a loud 
harsh bruit, both of which persisted for one hour, then diminished and were 
coniplcteh absent in two hours Ihere were no sMiiptoms of absorption of epn 
nephnne as in the preceding subject 



Chart 9 (subject C H ) — Result of the injection of 0 5 cc of epinephrine 
h\ drochloride into the subcutaneous tissue of the lateral part of the right thigh 
adjacent to the thermocouple with a similar injection of Ringer’s solution into 
tile left tliigh at the same tune The time of injection is indicated at 4 on the 
cliart The upper line indicates tlie dianges in temperature in the kft thigh, 
and the lower line indicates those in tlie right thigh 

Experiment S — Local injection of cptiuphrtic tito tht subcutaneous ii<:sues 
Obsenations were made on three men m the following wai thermocouple 
needle was inserted m the subcutaneous region of the lateral part of both thighs 
After control readings of temperature were made a In-podcrmic needle was 
inserted and 0 5 cc of epmephrme In drochloride (1 1 000) was injected in such 
a war that the thermocouple point lai m the approNimate center of the wheal 
produced Into the opposite thigh 05 cc of Ringer’s solution was injected In 
each case the fluid injected was warmed to about 32 C In each case the infiltra- 
tion was accompanied b\ a fall in temperature much greater and ot longer dura- 
tion in the case of epinephrine (cliart 9) 
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exploration the kidney and ureter appeared to be normal, and the con- 
dition was diagnosed only on examination of the specimen Karacson 
expressed the belief that total nephrectomy is necessary in order to 
prevent recurrence The second case was that of a man, aged 69, who 
had hematuria for two weeks The ureterogram revealed m the pelvic 
part of the ureter a filling defect typical of tumor of the ureter Nephrec- 
tomy was performed following which the patient recovered Karac- 
son called attention to the necessity of determining the condition of 
the remaining stump of the ureter in order to be certain that no further 
tumorous growth remained 

Stone — Brown ^ stated that in 1891 von Recklinghausen described 
certain skeletal changes, namely, marked softening of bone with defor- 
mity and multiple sarcomas, which he designated as osteitis fibrosa In 
1925 Mandl and Uebelhor resected a tumor of the parathyroid gland 
111 a case of generalized osteitis fibrosa and observed the general and 
skeletal improvement that occurred Since that time numerous observers 
have contributed to the knowledge of this condition A case of hyper- 
parathyroidism m which the symptoms were those of renal hthiasis 
was reported from the Mayo Clinic by Brown 

The normal excretion of calcium m the urine varies from 0 1 Gm 
per day m persons on a diet low in calcium to 0 5 Gm per day in those 
on a normal diet Hunter and Aub and Johnson and Wilder also found 
that on the administration of parathyroid hormone the amount of calcium 
excreted in the urine was increased markedly It is known that whatever 
the varying causes of the formation of stone in the urinary tract, the one 
definite factor is abnormal precipitation of crystalline elements normally 
present in the urine Obstruction and infection may be causatwe fac- 
tors, but probably, as has been demonstrated experimentally by Keyser, 
a marked increase in the normal urinary crystalloids adds so much to the 
burden put on the protectiv’-e colloids that they are unable to perform 
their work efficiently, and precipitation is likely to occur With an 
increased content of calcium m the tissues and in the blood stream, 
such as exists in cases of hyperparathyroidism, there is a marked increase 
of the amount of calcium in the urine, and precipitation with foimation 
of calculi IS likely to occur 

Attention has repeatedly been called to the association of hyper- 
parathyroidism and nephrolithiasis Castleman and Mallory observed 
the presence of renal stone in 20 of 25 cases of hyperparathyroidism 
reported from the Massachusetts General Hospital In 11, the present- 
ing symptoms were referable to the urinary tract, and the skeletal 
changes were minute or were overshadowed by the renal lesions 

4 Brown, A E H 3 'perparathj roidism with Nephrolithiasis, Proc Staff 
!Meet , Majo Chn 10 417 (Julv 3)1935 
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no case in which the circulator} arrest was piocluced by injection of 
epinephrine alone was reco\en associated with h} perthermia, although 
this was associated with a Inpeiemic flush of the skin Howeier, in 
experiments in which mechanical aiiest was immediate!} followed b\ 
constriction with epinephrine not onh was the period of constriction 
produced b} epinephrine much shorter than that m the cases in wdiich 
mtra-arteiial injection was not preceded b} the application of a tourni- 
quet but a h}peremic In perthermia resulted Appaientl} a i asodilating 
substance produced b} mechanical obstruction of the blood flow short- 
ened the effect of the epinephrine 

The fact that injections of epinephrine into laige arteries of the limb 
produce % asoconstnction m the areas supplied agrees well with obser^a- 
tions of previous w orkers ■■ Falta and Priestle} found that large 
doses of epinephrine injected into the femoral arten of dogs frequenth 
produced no ele\ation of s}stemic blood pressure and the} concluded 
that large amounts of this substance remained m the extremit} under 
these circumstances Hess the onh pre\ lous worker who used human 
subjects, reported that no rise m blood pressure follow ed this procedure, 
as opposed to the results reported b} Elliott and other w orkers on dogs 
In the present experiments as opposed to those of Falta and Priestle} , 
a rise m general s} stohe blood pressure w as alw a} s obsert ed in man as 
well as in animals the dose used in these experiments was, however, 
somew hat larger than that used b} Hess Phemister and Hand} found 
that the injection of small quantities of epinephrine caused a decrease m 
the ^olume of the limb m dogs That the t asoconstriction following 
intra-artenal injections was complete m the present obsenations was 
suggested by the thermal curves and prored b} the amputation experi- 
ments, which showed that constriction even of the large arteries of the 
limb, occurred It was of interest that recover} m these experiments 
was slow enough that sufficient coagulation of the blood took place on 
the surface of the cut extremit} to prevent hemorrhage after the vaso- 
spasm had disappeared The hyperemic flush occurring in recover}, m 
which a circumferential band of hyperemia formed in the thigh and 
moved centrifugally toward the foot wdiile the proximal areas faded 
indicates that spasm disappeared first in the proximal v'essels and 
recov'ery occurred centrifugall} This is perhaps the explanation of the 
fact that a hyperthermic Iwperemia did not occur following the intra- 
arterial injection of epinephrine, enough blood vessels were not dilated 
at an} one time to produce an elevation of temperature The fall in 
temperature caused by the local injection of epinephrine into the tissues 

22 (o) Elhott, T R J Phvsiol 32 401, 1903 (b) Hess, O Arch f 

eeper Path u Pharmakol 91 303, 1921 (c) Falta, W, and Priestlev, J G 

Berl khn Wchnschr 48 2102, 1911 
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must be consideied m ever} case of the disease Eleven cases are cited 
from a series of 23 proved cases of hyperparathyroidism at the Massa- 
chusetts General Hospital in which the presence of renal stones was the 
only indication of the underlying disease A frequent finding in cases 
of hyperparathyroidism is the presence of many finely granular casts 
in the urinary sediment The granules have been shown to contain 
calcium, probably calcium phosphate The casts can be made to change 
into hyaline casts as the urine is made more acid by the administration 
of ammonium chloride by mouth Their continuous presence in large 
numbers is an indication that intrarenal damage is occurring Probably 
the factors governing the formation of these casts, which might be 
designated as microscopic calculi in the renal tubules, are the same that 
govern formation of stone in cases of hyperparathyroidism These 
factors are the concentrations in the urine of calcium, phosphate and 
hydrogen ions The formation of stone in cases of hyperparathyroid- 
ism belongs to the group wherein the predisposing abnormal factor is 
an excess of crystalloids in the urine 

According to Herman and Lee,® greater familiarity with the clinical 
picture and the biochemical problems of cystine urolithiasis has 
accounted for an increasing number of case reports Cystinuna, which 
has an incidence of about 1 500, is predominantly a disorder of males 
(from 70 to 80 per cent) and is inheritable Because of faulty metabo- 
lism of protein leading to incomplete oxidation of sulfur, cystine, a 
sulfur-bearing amino-acid, appears in the urine in excessive amounts 
usually in solution but occasionally in crystalline form When the usual 
accessory factors of urolithiasis, infection or obstruction are present 
C) Stine stones are likely to form Clinically they have a tendency to 
occur at an earlier age than other stones, and they are multiple and 
have a tendency to recur rapidly and to vary in radiopacity At times 
large numbers of fairly large stones may be passed with ease because 
of their waxy texture 

Although the same principles that apply to the treatment of uro- 
lithiasis in general hold good for cystine stones, a more conservative 
attitude toward operative treatment may be adopted because (1) larger 
C3'^stine stones will pass more readily than other varieties of stones, 
(2) there is m the absence of, and according to some writers in spite 
of, proper postoperatne treatment, a marked tendency to rapid recur- 
rence, and (3) in certain instances cystine stones may be dissolved 
by alkalis, internally and locall} 

In cases of c} stmuria attempts should be made to prevent the forma- 
tion of stone by alkalization, which maintains the solubility of cystine 

8 Herman Leon, and Lee, W E Ostine Nephrolithiasis, Ann Surg 101 
746 (Feb) 1935 
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Gieatei incicmcnts of heal occui in icaclive hypeicmia in the bone 
maiiow than in the muscle of the slun m the cxticmity and m the 
hmb rendeied anemic befoie occlusion than in the congested limb 

Aftei lelease of constiiction m the evtiemity theie occurs a fall m 
the tempeiature of the unobstructed limbs 

A method foi determining the tempeiature of the bone marrow is 
presented 



550 


ARCHIVES OF SURGERY 


Greenberg-er, Wershub and Auerbach “ attempted correlation ot the 
incidence of renal tuberculosis m a careful study of 500 cases of pul- 
monary and extrapulmonary tuberculosis Of the 500 cases m which 
routine necropsy was done, 252 gave evidence of tuberculous infection 
of the kidney Miliary tubercles were found at 228, or 45 6 per cent, 
of all necropsies These small tubercles appeared grossly as gray or 
yellow, single or conglomerate, the lesions often lying m rows and 
following the medullary rays into the renal pyramids Microscopic 
examination of the sections revealed that they varied from necrotic 
areas to fibrotic tubercles Tuberculous involvement of the kidneys 
was bilateral in 187 cases, or 82 per cent The youngest patient was 
9 months old, the oldest, 74 years, 157 were males and 71, females, 
154 were of the white, 72 of the Negro and 2 of the yellow race Only 
25 per cent had urinary symptoms The most common complaints were 
nocturia and frequency of urination Destruction of the renal substance 
was found at necropsy m only 24 of the 500 cases, or 4 8 per cent 
These statistics indicate the high incidence of renal tuberculosis sec- 
ondary to advanced pulmonarj tuberculosis in a large municipal sana- 
torium The nondestructive, closed or miliary tuberculous lesion in 
the kidney was most common , the destructive, open or chronic surgical 
tuberculosis of the kidne} is notably deficient in symptoms despite 
advanced renal involvement 

According to Eisendrath,^- the association of renal tuberculosis and 
true calculous formation occurs in approximately 1 8 per cent of all 
cases of renal tuberculosis Although the total number of cases is 
comparative!} small, the possibilit} of such an association should be 
constantly borne in mind Eisendrath reviewed 35 cases reported in 
the literature since 1920 and added 5 of his own In the first place 
distinction must be made between the calcification which occurs in about 
7 per cent of all cases of renal tubeiculosis and true calculous formation 
The former has definite roentgenologic characteristics, which have been 
desciibed by Crenshaw Eisendrath divided the cases of true calculi 
into 4 clinical groups In the majority (26 of the 40 cases) there were 
stone and tubeiculosis on the same side A correct diagnosis was made 
in only 1 of the reported cases m this group In the majority the stone 
was evident, but the tuberculosis was unsuspected Nephrectomy is 
indicated If the presence of tuberculosis is unsuspected and a less 
radical operation is performed, there is likely to be a persistent post- 
operative fistula and an early recurrence of stone 

11 Greenberger, M E , Wershub, L P, and Auerbach, Oscar The Inci- 
dence of Renal Tuberculosis, JAMA 104 726 (March 2) 1935 

12 Eisendrath, D N Renal Tuberculosis and Nephrolithiasis as Associated 
Diseases, Surg , Gynec & Obst 60 777 (Jan ) 1935 
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of transpentoneal nephiectonij aie obvious, the chief leason that it 
has not been univei sally adopted is piobably because of its technical 
difficulties and the unfamiliaiit} of uiologists with the upper pait of 
the abdomen 

Whaiton descnbed a simple and safe opeiation which obviates these 
difficulties Preliminaiy treatment, consisting of diet, rest, the admin- 
istration of tonics, the control of hematuria and irradiation, is given 
foi thre^ or four weeks At opeiation the patient is placed in the dorsal 
position with the back hjpei extended A long rectus incision is made, 
and the intestines are packed into the opposite half of the abdomen 
The posterior peritoneum is incised 2 5 cm from the lateial margin 
of the large bowel, mobilized, and cut well above the flexure of the 
laige intestine, it is then pushed away fiom tlie region of the lenal 
pedicle and kidney, carrying with it the colon and the duodenum on 
the light side Before the lenal vessels aie clamped, they should be 
thoioughly exposed b}^ removal of the fat and aieolar tissue by which 
they are concealed After their division, aberrant vessels and the col- 
lateral venous supply are conti oiled, and the tumor, uieter and all of 
the perirenal tissue possible aie lemoved intact The posteiior poition 
of the peritoneum is closed by a continuous, plain gut suture Di ainage 
is established by an extraperitoneal stab wound in the flank 

Priestley and Broders® reviewed 65 cases of Wilms’ tumoi at the 
Mayo Clinic In 20 cases nephrectomy was performed, the lemaming 
patients being treated symptomatically oi by iriadiation Eaily sjmp- 
toms are usually laclang The method of choice in ti eating these 
patients is preoperative irradiation, followed in from three to six weeks 
by nephiectomy and by extensive postoperative ii radiation Of 44 
patients traced up to the present time, 40 are known to be dead No 
patient treated by irradiation alone is known to be living Of the 20 
patients who undeiwent nephrectomy, 15 are dead, 4 are living and 1 
was not traced Of the 4 patients who survned nephrectom), onl) 
2 have survived for any appreciable length of time (thiiteen and two- 
tenths years and three and two-tenths yeais, lespectively) The othei 
2 patients were operated on only six months ago, too recenth to permit 
any conclusion regarding the final result 

Karacson ® reported 2 cases of primaiy epithelial tumor of the pehis 
of the kidneys and ureters In 1 case, that of a 50 }ear old woman, 
a positive preoperative diagnosis could not be made On surgical 

1935^ J Broders, A C Wilms’ Tumor, J Urol 33 544 (June) 

^ Kwacson, A V Ueber die pninaren, epithelialen Geschwiilste des 
Nierenbeckens und des Harnleitcrs. auf Gnmd ion 2 Fallen, Ztschr f urol Chir 
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the difficulty of fixing both uncut ureters into the bowel without tension, 
which may result m detachment later, is a decided disadvantage 

7 cases, in 6 of which there was a single kidney, Hinman per- 
formed nephrostomy preliminary to implantation The 6 patients with 
single kidneys, all of whom had intractable tuberculous cystitis, recov- 
ered Nephrostomy was indicated in these cases of tuberculosis as a 
therapeutic measure in itself After the patients improved, it was 
possible to determine the feasibility of uretero-intestinal implanta- 
tion However, drainage by preliminary nephrostomy should not be 
regarded as a stage of uretero-mtestinal implantation It complicates 
the problem by increasing the surgical risk, but it has its own indications 
Experience with extraperitoneal drainage after ureterotomy led Hin- 
man to express the opinion that it might be used in conjunction with 
Coffey’s technic 3 (transfixion-suture method), thus permitting bilateral 
simultaneous implantation In the original technic only one ureter can 
be transplanted at a time The ureter is exposed, opened and drained 
by a ureteral catheter extraperitoneally above the site of the anasto- 
mosis This method was used in 3 cases The result was satisfactory 
in the first case, m which the patient had the ureter of a single kidney 
transplanted to relieve an intractable tuberculous cystitis, but was unsat- 
isfactory in the other 2 cases The method is not recommended 

Sherman, Dmardo and Bowers presented a new technic for simul- 
taneous bilateral transplantation of the ureters into the rectosigmoid 
A pure metallic magnesium tube is used to aid in canalization and to 
prevent both early and late obstruction at the site of implantation The 
magnesium tube undergoes a chemical change in the presence of acid 
urine and slowly dissolves, it therefore requires no further attention 
The results obtained in experiments on animals have been satisfactory 
The immediate results obtained m man appear to warrant further use 
of this method 

Cabot stated that during the past fifteen years much attention has 
been given to various methods of diverting the urine, all of which pre- 
sent some difficulty There are three methods available at the present 
nephrostomy, uretero-enterostomy and cutaneous ureterostomy 

Nephrostomy may be used as an intermediate step for drainage of 
the kidney when temporary diversion is indicated in cases in which 
rearrangement of damaged ureters is to be carried out Cabot expressed 
the belief that it is rarely the best method for permanent diversion, 
since It IS not notably more certain to preserve the integrity of the 
kidney and is more inconvenient than cutaneous ureterostomy The 

15 Sherman, W L , Dmardo, C J , and Bowers, J M Ureteral Transplant 
Preliminary Report of a New Technique, Am J Surg 29 54 (July) 193S 

16 Cabot, Hugh Diversion of Unne Above Level of Bladder, Surg , Gynec 
& Obst 61 406 (Sept ) 1935 
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Albright stated that renal calculi occur in cases of hyperpaiathy- 
roidism without lesions of bone and that the former may be an index 
of the seventy of the disease and the latter an index of the duration 
of the disease The impoitance of performing routine tests for the 
determination of the calcium and phosphorus content of the serum in 
cases of nephrolithiasis is emphasized 

Camp,® in discussing Brown’s case, stated that the roentgenologic 
'findings aie interesting because they seive to emphasize the incidence 
of nephrolithiasis in cases of hyperparathyroidism and the assistance the 
roentgenologist may be m arriving at the diagnosis The roentgenologic 
changes in the skeletal system in the moderately advanced stages are 
well established and characteristic, and the aierage roentgenologist 
should have little difficulty in making the diagnosis However, in the 
early stage, in which there is a minimum of osteoporosis and m which 
the bones have not yet acquired the characteristic granular appearance, 
the diagnosis is difficult Because of this fact the presence of general- 
ized osteoporosis, regardless of its degree, plus associated nephrolithi- 
asis, should lead to the exclusion of the presence of hyperparathyroidism 
Barney and Mintz ® report their experience with hyperparathyroid- 
ism in relation to the formation of urinary stones One hundred and 
foul patients with urinary calculi weie examined, a complete exami- 
nation of the blood being made to determine the calcium and phosphorus 
content A diagnosis of hyperparathyroidism was made m 18 of the 
cases Of these, 11, or 61 1 per cent, presented not only tumor of the 
parathyroid gland but also urinary calculi This makes a percentage 
of 10 5 persons with calculi associated with hyperparathyroidism in 
the group of 104 patients The 11 patients, all having stones, together 
with 7 otheis without stones but with cystic degeneration of the bones, 
have all been operated on, and an adenoma of the parathyroid gland 
uas removed Twelve of the patients were females and 6 were males, 
and the ages varied from 13 to 62 years The calcium content of the 
blood varied from 11 5 to 16 8 mg per bundled cubic centimeters, and 
the phosphorus content, from 1 4 to 4 7 mg Barney and Mmtz stated 
that a calcium content of the serum above 11 mg per hundred cubic 
centimeters and a phosphorus content below 3 5 rag should always 
arouse suspicion of a disease of the parathyroid gland in association 
with renal calculi 

Albright and Bloomberg" stated that hr perparathyroidism is a suffi- 
cien% fre quent cause of the formation of lenal stone that its presence 

5 Camp, J D in discussion on Brown « 

6 Bame>, J D, and lllintz, E IC Some Newer Conceptions of Urinary 
Stone Formation T A M 103 741 (Sept 8) 1934 

Albright, Fuller, and Bloomberg, Esther Hiperparatbjroidism and Renal 
Disease, J Urol 34 1 (July) 1935 
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Calvert's range of urea concentration were ascertained A urea content 
of less than 50 mg per hundred cubic centimeters was essential If it 
exceeded 50 mg , operation was postponed until the patient’s condition 
improved When the results of these preliminary investigations were 
unsatisfactory, an indwelling cathetei was inserted 

In only 1 of the 31 cases was a two stage operation performed, 
and this was done because of the patient’s intolerance to an indwelling 
catheter The fibrosis produced by the use of a suprapubic catheter 
interferes with the speed and simplicity of the major operation and the 
healing of the second wound The anesthetic used in all these cases was 
a mixture of chloroform and ether, followed by ether given by the open 
■drop method Inhalation anesthetics were considered safe over such 
a short period as was necessary for the operation, and any risk attached 
to their use was not any more than that of the shock which in rare 
cases attended the emplovment of spinal anesthetics in their other 
operations 

The aim of the operation was speed While the patient was being 
anesthetized, all possible preparations were made so that he would not 
be on the table more than fifteen minutes The prostate gland was 
enucleated m the usual \vay The hemostatic bag was inserted and 
distended, and a large rubber drainage tube was slipped over the abdom- 
inal end of the hemostatic bag into the bladder The wound was then 
closed No attempt was made to remove tags or to secure bleeding 
points in the prostatic cavity Owing to the fact that the mortalitj' 
increased in an earlier series of cases in which these methods were 
used, the operation was discarded Ligation of the vas deferens was 
not favored, since it was considered better to allows any infection to 
travel to the epididymis wdiere it did no particular harm, than 
to be dammed back by a ligature and start a never ending vesiculitis 
The hemostatic bag used w^as Fullerton’s modification of the Pilcher 
bag It was rounded, to avoid the possibility of incontinence occurring 
as a result of the apex of the Pilcher bag being pulled down through 
the sphincter urethrae and stretching that muscle beyond the limits of 
recovery 

The postoperative treatment was simple The hemostatic bag and 
drainage tube were left in place for forty-eight hours The bottom 
of the bed was raised on blocks, and pressure was maintained on the 
prostatic cavity by attaching a weight of 2 pounds (0 9 Kg ) to a thread 
which came from the interior of the bag down the urethral tube The 
weight was then hung over the end of the bed The patient usually had 
an uncomfortable feeling that the bladder required to be emptied while 
the bag was in situ, but the hemostasis obtained ivas excellent At the 
•end of twenty-four hours the fluid was removed from the bag, and 
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m the unne Limitation of proteins, especially of those rich in sulfur, 
IS a rational phase of prophylactic treatment 

Congenital Unnaiy Anomalies — Wiseman® pointed out the dangers 
lurking in the unnaiy pathway occasioned by the presence of a congeni- 
tal anomaly, which may prove to be the source of obstruction and con- 
sequent urinary stasis and infection and the necessity for prompt relief 
in cases of such obstruction The cases discussed exemplify the pre- 
dominance of gastro-intestinal manifestations in the syndrome of 
obstruction of the urinary tract, in some instances to the exclusion of 
disturbances in the urinary tract, in other cases the gross findings in 
the urinary tract are normal The applicability of plastic procedures for 
the relief of obstruction and the provision for drainage of hydro- 
nephrotic sacs have been offered as the most appropriate surgical attack, 
thereby preserving renal integrity, whenever the diagnosis has been made 
before the parenchyma is irreparably damaged 

Tuberculosis — Chwalla^® discussed spontaneous healing of renal 
tuberculosis He first gave a critical survey of the few cases of spon- 
taneous healing of chronic renal tuberculosis that have ever been 
reported m the literature He established the fact that in most of these 
cases there was not a real cuie in the sense of scarring over of the 
affected area, with retention of renal function , m most of the reported 
cases cure was only apparent 

Chwalla reported a case which he believed was an instance of true 
spontaneous healing of unilateral renal tuberculosis The patient was 
a 20 year old girl whose history showed a tuberculous condition There 
were many typical tuberculous ulcers and granulations in the bladder, 
being most numerous in the region of the orifice of the left uretei, which 
was red and edematous There was decreased function of the left kidney, 
and the urine from this side was turbid It was impossible to catheter- 
ize the left ureter because of an impassable obstruction 1 5 cm above 
the orifice Mycobacterium tuberculosis was found in the urine from 
the bladder The nght kidney was normal At operation the left 
kidney was apparently not abnormal and was left m place Two and 
a quarter years later the urine from the bladder was clear and free from 
bacilli , the return of indigo carmine was normal from both sides Eight 
and ten years later, cystoscopy and inoculation of animals showed no 
evidence of tuberculosis Chwalla based his assumptions on the fact 
that the existence of primary tuberculosis of the bladder has so far 
not been pror ed, and nothing m his case pointed to genital tuberculosis 

^ ^ Congenital Urinary Anomalies, Ann Surg 100 445 

10 Chwalla, Rudolf Gibt es eine Spontanheilung der Nierentuberkulose’ 
\Vicn kbn Wchnschr 47 882 (July 13) 1934 
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formed under light spinal anesthesia, several lines of lightly applied 
coagulation, with the use of the Stern-McCai thy resectoscope and the 
McCarthy rollei electiode, are run over the gland in a parallel direction 
from the neck of the bladder forward to the region of the verumonta- 
num The intention is not to destroy tissue but to establish a mild 
reactionary inflammatory process The lines are run at intervals, com- 
plete sealing off of the prostatic surface being avoided and allowance 
being made for drainage of infectious and inflammatory products 
When active infection is present, suprapubic drainage is first estab- 
lished hy a tube introduced through a large caliber trocar In certain 
instances a severe infection is allowed sufficient time to correct itself 
before any instrumentation is attempted An advantage attending pre- 
liminary shrinkage is that with the edematous element eliminated a 
clean, concise molding of the outlet of the bladder can better be accom- 
plished 

Hambleton, Lackey and Van Duzen made an investigation to deter- 
mine whether the evolution of an explosive gas usually accompanies 
the use of high frequency currents in transurethral resection of the 
prostate gland, and, if so, at what rate the gas was evolved, its com- 
position and how the danger of explosion might be minimized In 
experiments on a series of 12 dogs there was produced in each instance 
a gaseous mixture which was not explosive in the absence of oxygen 
from external souices but became so on the addition of the proper 
proportion of oxygen or air When such mixtures were exposed 
directly to the arc from the resection apparatus they exploded inside 
the bladder The violence of the explosion was sufficient to give a 
loud report when it took place in the exposed bladder, but in the healthy 
bladdeis of the dogs used no ruptures were produced 

The lapid rate at which highly inflammable gases may be evolved 
during the use of high frequency currents for transurethral resection 
emphasizes the necessity of caution in order to pi event the occurrence 
of serious accidents Since a small volume of gas mixed with air is 
sufficient to produce a violent explosion, simple lavage after each series 
of cuts cannot be considered an adequate safeguard unless the entrance 
of air IS iigidly prevented The diverse character of the gases in the 
mixture precludes the possibility of their removal by an absorbent 
If a large amount of air or gas collects in the bladder, as shown by 
a large bubble, this should be aspirated by inserting a ureteral catheter 
into the bubble, before cutting or coagulation is done When the patient 
is placed in the Trendelenburg position, the bubble is brought closer 

22 Hambleton, B F , Lackey, R W, and Van Duzen, R E Explosive 
Gases Formed During Electrotransurethral Resections, JAMA 105 645 (Aug 
51) 1955 
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There weie 5 patients with tubeiculosis on one side and stone on 
the other All of them, at intervals varjang from one month to one 
year following nephrectomy foi tuberculosis, had anuria from the stone 
in the remaining kidney oi uretei Therefore, in a case of unilateral 
tubeiculosis the opposite side should be examined carefully for stone 
If a stone is present, it should be removed either by operative or by 
nonoperative methods before nephrectomy is carried out 

There were 4 patients with bilateral lenal or ureteral calculi and 
unilateral tuberculosis Eisendrath advised removal of the stone m the 
nontuberculous kidney before nephiectomy is performed on the opposite 
side There are two othei groups those with bilateral renal tubercu- 
losis and unilateral nephrolithiasis and those with bilateral renal tuber- 
culosis and bilateral nephrolithiasis They are of interest from the 
diagnostic standpoint The treatment is that of bilateral renal tubei- 
culosis 

Cystic Disease — Geisinger discussed the nature, characteristics, 
clinical picture and treatment of renal cystic disease A series of 8 
cases were reported There were 5 cases of polycystic disease, in 1 of 
which nephrectomy was required, and 2 cases of solitary cysts, 1 being 
an instance of the rare bilateral type There was also 1 case of arterio- 
sclerotic kidneys, with cystic degeneration m each of a type suggesting 
a further clinical demonstration of the operation of the Hepler theoiy 
of the origin of so-called solitary cyst of the kidney 

URETERAL TRANSPLANTATION 

Hinman reviewed his results in 37 cases of uretero-mtestmal 
implantation and called attention to his modification of Coffey’s tech- 
nic 3 He employed the latter m 3 cases, with unsatisfactory results 

There are renewed efforts at present to improve the technic of 
uretero-mtestmal implantation so as to prevent infection and uretei al 
obstruction These efforts are directed largely to bilateral simultaneous 
implantation for use m adults with acquired lesions, chiefly vesical 
carcinoma, m whom added surgical procedures multiply the risk Cof- 
fe^ s technic 2 (bilateral drainage by means of a catheter) has proved 
unsatisfactory because of dangers of ureteritis and suppurative nephri- 
tis fioin the catheters — disadvantages which were recognized b)^ Coffe}’’ 
Higgins^ modification of Coffey’s technic 3 and Poth’s modification of 
Higgins technic have the advantage of asepsis and free drainage of 
urine into the bladder until the anastomosis is established Howe\ei, 

13 G^e.singer, J F The C^shc Kidney, J Urol 34 202 (Sept) 1935 

inman, Frank Uretero-Intestinal Implantation with Drainage b% Extra- 
peritoneal Catheter, Surg, G\nec S. Obst 60 1115 (June) 1935 
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In the whole group the most unsatisfactory results seem to have 
been obtained by resection or excision with a scalpel The total esti- 
mated mortality in all cases m which patients were so treated was 85 
per cent, as compared to a general mortality of 66 per cent Excision 
or resection cannot be the operation of choice, owing to the inaccessi- 
bility of many tumors Fulguration by the actual cautery has advan- 
tages over lesection but is not so effective as cold cautery plus the 
radio knife According to these statistics a combination of fulguration 
and excision in 287 cases carried a mortality of 52 per cent in three 
years, as compared to a general mortality of 66 per cent The results 
in these cases were, however, much more favorable than those in which 
ladium was used In many instances the condition had progressed 
too far for fulguration, and radium was implanted It was concluded 
that for the general run of carcinomas of the bladder seen by the urolo- 
gist a three year cure can be expected in nearly half of the cases by 
this method, which is more effective than resection 

Beer grouped growths of the bladder into three clinical and patho- 
logic classes benign papillomas, papillary carcinomas and solid infil- 
trating carcinomas, often of the squamous cell type Further subdi- 
vision, based on microscopic data, only leads to confusion, as does the 
interpretation of infiltrating characteristics by the pathologist and 
the surgeon A tumor may be superficial and reveal infiltiation of the 
stalk or of the pedicle Such a growth can be approached with some 
success by electrocoagulation or radium In the infiltrating group are 
included growths that invade the wall of the bladder They can fre- 
quently be felt by rectum or vagina before operation and feel, after 
thorough extraperitonealization of the organ, like a solid, more or less 
nodular plaque in the wall of the bladder In the literature both groups 
appear as infiltrating, for the former, results from any form of treat- 
ment are fair, for the latter, no treatment but wide resection or total 
cystectomy will give satisfactory results Seeding with radium or coag- 
ulating the reall> solid, infiltrating growths is a hit-or-iniss procedure 
Further confusion occurs in the interpretation of results by designating 
benign papillomas as “group 1 carcinomas” and reporting as infiltrating 
carcinomas those in which the involvement is superficial 

Some papillomas recur localty or in different regions after com- 
plete, well controlled destruction In other cases papillary carcinomas 
or even solid growths develop years after destruction of the original 
growth 01 growths In some cases after excision or control of solid 
carcinomas there are benign recurrences, although too frequently tbej 
are malignant, these are not truly recurrences but are overlooked or 
left-in parts of the original tumor 

24 Beer, Edwin Surgery of Bladder Tumors, Ann Surg 101 1412 (June) 
1935 
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cases suitable for ureteio-enterostomy are almost always those in which 
the ureters are substantially normal , the attempt to transplant abnormal 
ureteis is likely to be followed by a higher mortality and by less satis- 
factory results It IS most useful in cases of congenital anomaly, cer- 
tain injuries of the bladder and in a few cases of chronic interstitial 
cystitis It may be employed as a prelimmaiy to total cystectomy for 
cancer, but the mortality will be highei, since both ureters must be 
moved at the same time, and it is desirable to perfoim cystectomy either 
at the same sitting or after a biief interval It must not be assumed 
on the basis of the present evidence that uretero-entei ostomy enables 
the upper part of the urinary tract to remain entirely normal for an 
indefinite period, some degree of dilatation associated with infection 
is the rule For patients with grossly abnormal ureters, and when the 
bladder has ceased to be useful, cutaneous ureterostomy has been shown 
to produce a lower mortality and a relatively satisfactory result If the 
operation is technically well performed, and particularly if a catheter 
of fair size is kept permanently in the ureter up to the level of the renal 
pelvis, the patient is dry and comfortable and can live an eflfective life 


PROSTATE GLAND 


Hypertrophy — Willing discussed the treatment for prostatic 
hypertrophy Between 1912 and 1932, 625 patients with hypertrophy 
of the prostate gland were treated in the surgical clinic at Gottingen 
University Two hundred and fifty-nine patients were treated without 
surgical intervention, and 22 per cent of these died , suprapubic prosta- 
tectomy was performed on 288 patients, and 16 per cent died following 
the operation Perineal prostatectomy was done on 13 patients, with 
a mortality of 23 per cent, cystostomy was performed on 65, with a 
mortality of 37 per cent 


Pitrolffy-Szabo reported the results of a study of the histologic 
changes in cases of hypertrophy of the prostate gland He sectioned 
and examined 32 prostate glands removed surgically Arteriosclerosis 
was found m 72 2 per cent and inflammatory conditions in 91 per cent 
He did not consider either of these findings of etiologic importance 
Basal cell metaplasia occurred in 182 per cent, and malignant changes 
occurred in 12 per cent of the cases 


the 


Page’^® outlined Fullerton’s method of prostatectomy and reported 
results in 31 cases Prior to operation the value for blood urea and 


1/ \\ illing, Waldemar Ueber die Behandlung der Prostatalu pertrophte, 
Beitr z klin Chir 159 576, 1934 

T X'TT -Szabd, Bela Beitrage zur Hsstologie der Prostatahypcrtropbic 

issenschaftlicbe Sitzung der Unganschen urologischen Gesellschaft 
anlasslich der Unganschen Arztewoche, Ztschr f uro! Chir 40 210, 1934 

1 - 11 ^ Prostatectomy as Performed bi the Late Professor Andrew 

Pullcrton, Bnt U ] i 578 (Itarch 23) 1935 
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satisfactorily treated by cauten 2 ation through the open bladder after 
the method of Beer It is Barringer’s belief that tumors of grade 2 
are real cancers As fai as the grade of malignancy is concerned, 
tumors of grade 2 and 3 can be treated either by surgical methods or 
by ladium Treatment of tumois of grade 4 either by radium or by 
surgical measui es is pi obablj'' inefficient , only 1 patient was cured by 
radium 

Tumors of the base or lateral Avails of the bladder coming in piox- 
imity to the ureters or internal urethra occurred in 61 per cent of the 
78 cases , in 32 pei cent of the cases the tumor Avas on the lateral Avail at 
the base of the bladder, back of the trigon oi in the vault, and in 6 per 
cent the location Avas not given In 165 cases from the Majo Clime 
these statistics Avere practically reA'’ersed, 66 per cent of the tumors 
occurring on the lateral Avails and in the vault, and 33 pet cent in the 
base of the bladder, trigon, urethra or orifices of the uieters Tumors 
of the base are treated easily by ladon seeds implanted either through 
the cystoscope or through the cystotomy wound Tumors of the apex 
are as Avell treated by radium as by surgical methods, and possibly more 
satisfactorily by the latter method Tumors of a diverticulum are sat- 
isfactorily treated suigically by removal of the tumor and the diverticu- 
lum If there is secondary involvement of the bladder, radium may 
supplement surgical treatment Tumors of the bladder secondary to 
tumors of the prostate gland aie preferably treated by radon seeds 
implanted through the open bladder Tumors protruding from the 
orifice of the ureter and secondary to tumors of the ureter are treated 
by surgical measures alone If there is a secondary involvement of 
the bladder, implantation of radon seeds may supplement surgical 
tieatment 

With increase in the size of the base of the tumoi, radium takes 
ascendancy over surgical treatment, until there arrives a time Avhen the 
latter is totally ineffective and radium is reasonably effective In 78 
controlled cases the base of the tumor in 21 cases (27 pei cent) Avas 
betAA^een 1 and 4 sq cm , in 16 cases (20 per cent), betAveen 4 and 
6 sq cm, and in 37 cases (47 per cent), more than 6 sq cm In 17 
of the 37 cases the base Avas 20 sq cm and involved half or more than 
half of the bladdei In 4 cases the area of the base Avas not given 
Large bulky tumors of the top of the bladder, even if they involve 
the ureters, are preferably treated by surgical measures 

In the first senes of 109 cases there AA’-ere 4 deaths in the hospital, 
a moitahty of 3 6 per cent In 179 cases there were 13 deaths (7 2 per 
cent) m the hospital In 134 of Dean's cases in Avhicli radon seeds 
AAere implanted theie Avere 9 deaths (6 7 per cent) in the hospital Of 
205 of Barringer’s OAvn cases 66 (32 per cent) Avere controlled. 
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the bed Avas lowered to the horizontal position Fort} -eight houis after 
operation the bag and drainage tube were lemoved 

There w'as 1 death in the 31 cases in which the patient was operated 
on by this method Epididymo-orchitis occui red in 5 cases ^^■lth suit- 
able treatment tins cleared up in from four to se\en da}s Periurethral 
abscess was observed m 2 cases Fistulas de\ eloped, but m both 
instances the fistula healed before the patients left the hospital The} 
weie treated b\ suture oier a catheter, after the edges of the fistula 
weie cleaned 

PiostafiL Resection — Caulk and Hairis-® stated that in using the 
various high f requeue} cutting instiumeiits foi lesection of the prostate 
gland deeiier damage to tissue is frequentl} produced than is desired 
and that to some extent it is unaA oidable Fligli current densities applied 
foi more than a second ma} do damage at depths from a few milhnieters 
to more than a centiinetei In order that tissue ma} be cut with high 
fiequenc} currents, an intense heat is required at the actue electrode 
To produce this heat it is necessary foi the current to pass thiough the 
tissue from an indifteient electrode and to focalize at this point In 
so doing, the paths of the current, in their concentiation toAvard the 
actue electrode, generate Aar}ing degrees of temperature deep AAithin 
the tissue, aAvaA from the point of actue burning, whereas m remoAal 
AAith the actual cautery approximate!} the same temperature is applied 
at the surface of the cut but no heat is produced aa ithm the tissue except 
b} conduction from the surface 

Smith and StockAAcll stated that clinical obserAation and patho- 
logic study indicated that chionic prostatitis, aaIucIi obtains in the inajor- 
it} of cases of obstiuction of this gland Avith attendant edema of the 
gland and adjacent structures of the neck of the bladder, is the undei- 
1a mg factor in these cases m Avhich necrosis, sloughing and infection 
dcAelop to a dangerous degiee In comparison AAith prostatectoniA . 
Avhen the clement of renal oi cardiac insufficiency is significant in the 
CAaluation of mortaht} or morbidit} risk the hazaid of resection of 
the prostate gland is usualh confined to localized plu siopathologic 
changes in the prostatic region 

Preliinmar} dehjdration or shrinking of the prostate gland has 
been used b} Smith and StockAAcll in 125 cases It reduced the mor- 
bidity, and theie AAcre no deaths m the series Deludration is pei- 

20 Caulk, J R , md Harris, Wilbur A Stud\ of Coniparatu e Effects of 
Various High FrequencA Currents and of Tliernnl Cauterization m Prostatic 
Resection T Urol 32 449 (Noa ) 1934 

21 Smith C K , and Stock AA ell A L PrclimnnrA Shrinkage of the Prostate 
in Transurethral Resection Together AAith Histological StudA of the '\ction of 
the Coagulating and Cutting Currents T Urol 34 31 (TuIa} 1935 
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of deformity and miectwn of the bladder would recommend this method 
of treatment In some instances these procedures may be combined 
with the application of radon seeds or of needles containing radium 
The advantages of diatheini} as a transvesical procedure for inoperable 
or nonresectable lesions of both high and low grades of malignancy have 
not been sufficiently i ecogmzed 

Quinby-® stated that it is imfoitunate that malignant neoplasms of 
the urinary bladder show a marked tendency to be situated in the base 
of the organ In a recent study of 902 cases of tumors of the bladder 
in the Registiy for Caicmoma of the Bladder, more than 75 per cent 
of the growths were found to originate on the trigon, on the neck of 
the bladder or low on the lateral wall This means that less than a 
quarter of all carcinomas of the bladder are accessible to surgical 
lemoval without interference with the ureteral insertion or the vesical 
sphincter 

The operative lemoval of the urinary bladder inevitably includes 
the problem of dnersion of the urine There are thiee possible methodc 
of disposal of the mine after the bladder has been removed It may 
be delivered dnectly to the loin through a nephrostomy or a pyelostomy 
wound, each ureter may be brought out onto the abdominal wall in 
the inguinal oi lateial regions, or the ureters may be implanted into the 
intestine The disadvantage of each of the first two methods is th'’ 
early and serious infection of the kidneys, besides the necessity of some 
sort of apparatus to collect the urine with all the attendant discomfort 
and complicated caie The dangeis of uretero-intestinal anastomosis 
are the risk of immediate operative infection resulting in peritonitis and 
later renal involvement from obstiuction to the flow of urine away 
from the kidney oi infection or both 

At the uiologic clinic of the Peter Bent Brigham Hospital it has 
seemed advisable not to apply one single form of treatment to cancers 
of the bladder but so far as possible to treat the disease in each instance 
by excision or radium or by partial or complete cystectomy, as seems 
most applicable and likely to give the best results In those cases in 
which total cystectomy has been performed operability by this method 
has been judged on the basis of four ciiteria 1 The carcinoma not 
only must be found to be situated in the base of the bladder but must 
be in such close proximity to the vesical sphincter that removal by 
any method must result in incontinence 2 There should be no demon- 
strable metastasis of the tumor to the regional Ijmph nodes or to those 
at the aortic bifurcation Cystectomy has not been performed m any 
case in which prehminaiy lapaiotomy has shown such extravesical pio- 

28 Quinby, W C Total Cystectomy for Cancer of the Bladder, Ann Surg 
101 1415 (June) 1935 
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to the area to be coagulated and the danger of explosion is increased as 
explosion does not occur unless the aic comes m direct contact \\ith 
the gas 

BLADDER 

Ttnuois — 0’Cro\\Iej repoited that in 902 cases of carcinoma ot 
the bladder recorded m the Carcinoma Registn of the Urological Asso- 
ciation, 436 giowths Mere papillan carcinomas 446 infiltiating cai- 
cinomas and 20 carcinomas of an unusual t}pe Ot the 866 carcinomas 
that Mere graded, 20 per cent Mere of grade 1. 33 per cent of grade 2 
35 per cent of grade 3 and 12 per cent of grade 4 

The location of 854 of these tumors of the bladder, imohing adja- 
cent or multiple areas, Mas as folloMS trigon, 32 2 per cent, lateral 
Malls, 35 3 per cent, neck of the bladder, 9 per cent, poster loi Mall 
10 2 per cent, rault, 7 5 per cent, and anterior Mall 5 7 per cent In 
onl} 473 of these cases Mas one area of the bladder alone imohed 
Mhich M'as as folloMs tngon, 27 37 per cent, lateral Malls 4189 per 
cent neck of the bladder, 5 89 per cent , posterior m all 10 92 per cent . 
\ault, 7 58 per cent, and anterior Mall 6 32 per cent Ten per cent of 
the cases in the Registry M'hich m ere studied at necropsi shoM ed metas- 
tasis m the f olloM ing order of frequency bones, lungs, regional 1} mph 
nodes, liver and retroperitoneal hmph nodes ^^^ound implantations 
Mere lare, theie Mere none reported in this senes of 902 cases Regard- 
less of the grade of the tumor, the percentage of recurrence varied little 
and folloMed initial treatment in 46 2 per cent of cases hlultiple tumois 
are more Iikel) to recur than single groMths Mdncli is probabh due 
to the groMdh of nen tumors This suggests that nen groMth of the 
bladder is possibh a diffuse disease of the mucosa or possibh results 
fiom a general circulating cancerogenic substance 

The size of the tumor bears a definite relationship to the prognosis 
Of 48 patients Mitli tumors ranging from 1 9 to 2 4 an in diameter 
54 2 per cent Mere alive at the end of fiie rears Of 91 patients Mith 
inedniin-sized tumors, betMeen 2 4 and 49 cm in diameter 39 per cent 
Mere alive at the end of fire rears, rrhereas of 155 with tumors larger 
than 5 cm , 25 per cent rr ere ahr e at the end of fir e r ears As to 
the niortahtr m the cases in the Register according to the different 
grades of mahgnancr, at the end of fire rears there rras a mortalitr 
of 50 per cent among 71 patients rrith tumors of grade 1 Among 82 
rrith tumors of grade 2 the mortalitr rras 60 per cent foi the fire rear 
period, among 120 rrith tumors of grade 3, SO per cent and among 
42 rrith tumois of grade 4 95 5 per cent In this senes onlr 102 patients 
aie bring more than fire rears follorrmg operation 

C I\ Cmii.onn of the Bhddcr Am Sure 101 1407 (Tune) 
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most satisfactory method fiom the standpoint of functional results is 
ui etero-enterostomy Coffey’s technic 1 is probably the safest of the 
three methods described by him, since tiansplantation is carried out in 
two stages, cystectomy requiring a third operation The prolonged 
period of hospitalization is a disadvantage Coffey’s technic 2, m which 
bilateral simultaneous transplantation with ureteral catheters is done, 
was used in 9 cases Three of the patients died before leaving the 
hospital 

In an effort to eliminate the high mortality of ureteral transplanta- 
tion, a less hazardous procedure has been sought A two stage method 
has been developed and has been employed recently in 2 cases of malig- 
nant disease of the bladder At the first stage both uieters are mobilized 
for a distance of 10 cm , at about the level of the pelvic brim, and are 
embedded between the muscularis and the mucosa of the upper pait 
of the rectum without opening the lumen of the intestine or interrupting 
the continuity of the ureter Healing of this area takes place by primary 
union The second stage is done from fourteen to twenty-one days 
following the first stage The ureters are severed 2 5 cm distal to the 
area of implantation A purse-string suture is then laid in the wall 
of the intestine about the base of the severed ureter A small incision, 
extending into the lumen of the intestine, is made as closely as possible 
to the base of the stump of the ureter The end of the ureter is intro- 
duced into the lumen of the bowel and the purse-string drawn, complet- 
ing the anastomosis Advantages of this method have been demonstrated 
experimentally There is no interruption of urinary flow at any time 
Piimary union of the areas of first stage implantation prevents the con- 
stiiction which is so commonly seen following direct implantation 
Ascending infections in the wall of the ureter har^e been noticeably absent 
m experimental animals 

Caulk stated tliat disturbances of the physiologic activities of the 
kidneys and uieters occur in a laige proportion of cases of malignant 
tumor of the bladder and contribute at least 50 per cent to the mortality 
Early diagnosis and prompt treatment of a tumor of the bladder afford 
the most satisfactory protection against such involvement The tendency 
of the majority of these growths to be situated neai the trigon, then 
pronounced inclination to invade and the likelihood of their causing 
secondary infection make the fate of the upper part of the urinary tract 
precaiious Safeguarding the ureter is essential in the treatment of 
a tumor of the bladdei , every precaution should be used to protect it 
fiom trauma It has been Caulk’s experience that the safest and most 
satisfactory procedure in the treatment of this lesion of the bladder is 

30 Caulk, T R The Upper Urinary Tract m Carcinoma of the Bladder, 
\nn Surg 101 1432 (June) 1935 
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Beer was of the opinion that if adequate materials are available, one 
should be equipped to apply all t)fpes of therapeutic methods m cases 
of tumors of the bladdei He was fairly certain of only two things 
Benign papillomas can be destroyed and cured ti ansurethrally or supra- 
pubically with the high frequency current, and papillary carcinomas, 
infiltrating the wall of the bladder deeply, and solid infiltrating carci- 
nomas can be completely and regularly removed only by total cystectomy 
Partial cystectomy, the more extensive the better, and usually with the 
sacrifice of the ureter and neostomy, gives a fair result (40 per cent 
m three years) m cases of infiltrating papillary carcinoma, whereas 
the solid infiltrating growths are a more difficult problem, although 
partial cystectomy has resulted m cuies Radium has been used exten- 
sively in both these groups with a higher mortality than that following 
partial c3’^stectomy , cure results only occasionally m cases of deeply 
infiltrating growths, and then only after considerable prolonged 
suffering 

During recent years many methods of approach have been developed 
in the treatment of tumors of the bladder The approach m these cases 
cannot be limited to any one method , a great variety of methods should 
be available for use, depending on one’s own experiences and on that 
of others The following procedures are available transurethral elec- 
trocoagulation with the bipolar or monopolar current, transurethral 
introduction of radon seeds , high voltage roentgen therapy , suprapubic 
cystotomy with electrocoagulation of the tumor and its base, or with 
electrocoagulation or excision combined with implantation of radon 
seeds, suprapubic, extraperitoneal resection of the involved wall of the 
bladder, with transplantation of the ureter or with ligation of the ureter , 
various combinations of the foregoing procedures for multiple tumors , 
resection of the mam tumor and electrocoagulation or radium implanta- 
tion for secondarj’- or small tumors, and suprapubic, total cystectomv 
and partial prostatectomy for infiltrating malignant growths at the neck 
of the bladder, with transplantation of the ureters into the skin of the 
iliac region or with transplantation of the ureters into the colon 

Barringer stated that the grading of tumors has been a significant 
aid in making a comparison of different methods of treatment possible 
According to Broders’ system, tumors of the bladder have been graded 
into four classes grade 1, corresponding to a papilloma, and grades 
2 3 and 4. indicating increasing degrees of malignancy Radium prob- 
abl} is not indicated in the treatment of papillomas , fulguration through 
the c\ stoscope or through a cystotomy wound is probably the best treat- 
ment Ext ensive papilloma of the entire wall of the bladder is most 

^ ^ Radium Treatment of Cancer of the Bladder \nn Surg 
101 142-, (June) 1935 
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These acquired factois, as demonstrated m his cases, are contracture 
of the neck of the bladder, stricture of the urethra, caruncle, hypertrophy 
of the tngon and polyps at the neck of the bladder Clinically, divei- 
ticulum of the bladder of the female has no pathognomonic syndrome 
It is a disease of old age The symptoms in most cases are those of 
infection of the urinary tract plus obstiuction In the majority of his 
cases difficulty in urination did not prove to be a significant symptom 
as with men The duration of the condition over a long period of 
years seems to be the only significant clinical fact Differential diag- 
nosis IS to be made from false or incipient diverticulosis, a perivesical 
abscess with rupture into the bladder, a patent uiachus or hydro-urachus, 
a fistulous opening to an intestinal carcinoma, hernia of the bladdei 
or an hour-glass bladder Treatment in most cases was directed to 
the causative obstructive condition 

Cystths Folhculans — ^Hinman and Cordonnier®® reported 7 cases 
which presented cystoscopically the picture of cystitis folhculans The 
diagnosis was confirmed b}' biopsy m 5 cases m the series Cystoscopy 
reveals that the mucosa is studded with discrete nodules of varying size, 
averaging about 2 mm in diameter In some areas, particularly over 
the tngon and base of the bladder, the nodules are so closely packed 
that they appear confluent and resemble Peyer’s patches in the intestine 
Each nodule has a solid appeal ance in contrast to the more translucent 
character of the cysts in cases of cystitis cystica There is a generalized 
capillaiy injection of the mucous membrane, such as is observed m 
cases of chronic cystitis Microscopically, each nodule is composed of 
a solitary lymph follicle with densety packed lymphocytes at the periph- 
ery and a typical germinal center Clinically, theie are no distinguishing 
symptoms They are those of chronic inflammation of the bladdei 
At times the patient is entirely without symptoms, and still the mucosa 
of the bladder is found to be covered with these nodules All of the 
patients in this series had recurrent attacks of dysuria, such as fre- 
quency, burning, urgency and nocturia Cystitis folhculans must be 
differentiated from cystitis cystica, cystitis glandularis, cystitis gianu- 
losa, cystitis emphysematosa and bullous edema 

Ulcei — Lazarus stated that simple chronic ulcer of the uiinary 
bladder is a distinct clinical entity, the etiology of which is unknown 
The lesion, while usually solitary, may occur in more than one place 
The site of predilection is the tngon, particulail}' the region about the 
orifices of the ureters The significant symptoms are dysuna, fre- 

33 Hinman, Frank, and Cordonnier, Justin Cj’stitis Folhculans, J Urol 
34 302 (Oct)’ 1935 

34 Lazarus, J A Simple Chronic Ulcers of the Urinary Bladder Keport 
of an Unusual Case, J Urol 34 111 (Aug ) 1935 
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(24 3 per cent) of the patients were well after three jears and 44 
(21 4 per cent) after five years 

Implants of radon seeds are peculiarly applicable in controlling 
tumors of the bladder, but this is not tiue of the radium element in 
needles There is almost always a single plane, about 1 cm deep, to 
irradiate, and needles are too awkward and large to ii radiate such a 
plane effectn ely Radium needles, moreo\ er, ha\ e to be removed, hile 
radon seeds do not, and there is a possibility that ladium needles will 
be displaced during the process of the treatment 

Dean-® stated that the a^erage successful dose of radiation for 
treating tumors of the bladder is about from 7 to 10 skin erythema doses 
within sixteen days The 4 Gm radium pack is not suitable for treating 
this lesion because of the time required to administer a satisfactory dose 
The 200 kilovolt unit can furnish about 50 per cent of the required 
dose Therefore, it offers slight hope of curing a tumor of the bladder, 
and even its palliative -value is questionable The 700 kilovolt unit 
can so closely approximate the required dosage that one is justified m 
employing it m the treatment of cancer of the bladder It is assumed 
that a complete urologic examination has been made in all cases and 
that the choice of treatment has been made b} the urologist 

Counseller and Braasch-' stated that the use of diathermj- in the 
surgical management of carcinoma of the bladder is gradually being 
extended, for it has brought cases m which the condition formerly 
would have been regarded as inoperable, or the growth as nonresectable, 
within the field of successful treatment Seventeen patients whose 
conditions were considered inoperable ^\ele tieated extensively with 
diatherni} alone, and 15 of the 17 (88 pei cent) lived more than five 
years Two others have recently died from unrelated conditions 
Tumors of the bladder that are comparatively small and are of a malig- 
nancy of grade 1 or 2 are usually controlled by transurethral electro- 
coagulation Some of the early, circumscribed lesions which are graded 
0 or 4 and which can be seen easily and give no clinical evidence of 
infiltration may be treated similarly The more extensive, highly malig- 
nant lesions and the widespread lesions with low degrees of malignancy 
arc attacked preferably by the suprapubic route Whenever the lesion 
can be completel} removed surgically, by either segmental resection or 
excision, this is the operation of choice Electrocoagulation is used 
for the inoperable lesions, of both high and low grades of malignancy, 
confined to the base The small number of recurrences and the lack 

-(i Dean, A L, Tr Treatment of Bladder Cancer with External Irradiation, 
Xnn^Snrg 101 1428 (June) 1935 

r .1 I, Counceller, V S . and Braasch, W F Diathermj for Carcinoma of the 
Bladder, ^nn Surg 101 1418 (June) 1935 
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position of the opening, its size, the amount of cicatricial tissue that 
surrounds it and whether or not malignant disease is present The fol- 
lowing types of operations were used in this series of cases repair 
of the fistula by the transvesical approach (8 cases) and by the vaginal 
approach (28), ureteral transplantation into the intestines (10) and 
into the bladder (3) and nephrectomy (3) There was no treatment 
in 19 cases 

Cullen^’' stated that when a vesicovaginal fistula is high and the 
vagina narrow, closure may be difficult If Schuchardt’s incision is 
made, the fistula comes clearly into view and may be more readily closed 
If sufficient exposure cannot be obtained by one incision of this type, 
it may be necessaiy to make a similar one on the opposite side of the 
vagina In raie cases in which the greater part of the base of the blad- 
der IS missing and m which one orifice of the uretei opens on the margin 
of the fistula, it may be difficult to make a satisfactory closure of the 
fistula Free mobilization of the bladder is essential Owing to the 
fact that the ureter runs obliquely in the wall of the bladder for more 
than 1 cm , it can be slit at least 1 cm Its opening into the bladder is 
then well removed from the edge of the fistula, which can be satis- 
factorily closed Fistula following complete Itysterectomy for cancer 
of the ceivix formerly occurred rather frequently After removing 
the uterus, Cullen sutures the peritoneum of the bladder to tbe cut 
edge of the anterior wall of the vagina After this procedure, when 
the bladder distends it is only the peritoneally covered portion that 
dilates The base of the bladder, where fistula is prone to develop, 
remains conti acted and is well piotected In Cullen’s cases the numbei 
of postoperative fistulas has been markedly decreased by this simple 
method In many complicated cases of myoma it has been necessary 
to dissect out one oi both ureters to ascertain whether they have been 
injured, at which time any damage can be immediately corrected 

Millei stated that the popularity of transplantation of the meters 
may tend to do away with more conservative measures in the manage- 
ment of vesicovaginal fist,ulas The success of closure of this lesion 
depends on wide separation of the bladder and vaginal wall and inde- 
pendent closure of these two layers In some cases in which the fistula 
is unusually large, the bladder has been closed without any attempt to 
coapt the vaginal area If there is extensive destruction, separation 
of the two laj^ers should be sufficiently wide to permit closure of the 
lesion of the bladder without tension, no sutures should be placed m 

37 Cullen, T S Discussion on Vesicovaginal Fistula, Am J Surg 28 
265 (May) 1935 

38 Miller, C J Discussion on Vesicovaginal Fistula, Am J Surg ZH 
(May) 1935 
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gression of the malignancy 3 Renal function must be normal m at 
least one kidney, but preferably m both, as demonstrated by ureteral 
catheter 4 Actively gi owing carcinoma must be demonstrated on 
microscopic examination 

All patients are first studied by cystoscopy and by roentgenologic 
examination of the chest and skeleton to exclude a diagnosis of metas- 
tasis Renal function is estimated, and pyelograms are made , retrograde 
pyelograms are made if possible, and if not, intravenous ones At 
the first operation the region of lymphatic drainage away from the 
bladder is investigated, and if no secondary deposits of malignant tissue 
can be determined, anastomosis of a single ureter is performed Follow- 
ing recovery from this operation, the second ureter is tiansplanted, 
and the bladder, together with the prostate gland of the male, or of 
the whole urethra of the female, is excised The electrosmgical needle 
IS of advantage in the conduct of the anastomoses as well as in 
the excision of the bladder Ten patients to date have been treated 
in this manner Two are alive, one is a uoman who for three 3 'ears 
has been without evident recurrence, and the other is a man who in the 
eight years following treatment has had recurrence about the rectum 
and prostate gland during the past year Of the remaining 8 patients, 
2 died as a direct result of an early form of the operation, which was 
imperfect m some way The remaining 6 have died of recurrent cancel 
at longer or shoiter periods after operation In none of these cases, 
however, was there any further acute difficulty in the urinary tract 

Nesbit stated that cystectomy for malignant growths of the blad- 
der is indicated in cases m which there is such involvement of the trigon 
that the orifices of the ureters cannot be spared when destructive meth- 
ods of treatment are used, m cases of infiltrative involvement of the 
outlet of the bladdei so that adequate attack locally is destructive to 
the sphincters, in cases of multiple infiltrative tumors and in cases in 
which the neoplasms aie of a low grade of malignancy but have a 
marked tendency to recur and spread m spite of conservative treatment 
and eveiituall}'- become penetiative or highly malignant 

There are three methods of disposing of the urine following cystec- 
toniN Drainage of the kidney by nephrostomy or p}elostomy has dis- 
adrantages that contraindicate its use if other methods can be utilized 
Cutaneous ureterostomy has long been considered a safer method than 
urctero-mtestinal anastomosis The drainage tubes and apparatus nec- 
essarv following the latter procedure are difficult to manage and can 
rarch be fitted sufficienth well to prevent some leakage of urine The 

29 Nesbit, R M Total C-sstectoinj and Ureteral Transplantations in Malig- 
nant Conditions of the Bladder with a Description of a New Operatnc Procedure, 
T A M \ 105 852 (Sept 14) 1935 
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IS usually tightly contracted during ejaculation Instances are cited in 
which the internal sphincter is paralyzed or injured after operation 
in cases of prostatic hypertrophy and of certain nervous diseases Two 
cases are leported of direct injury to this localized region, with the 
result in all cases that ejaculation failed In cases of hypertrophy of 
the prostate gland the internal sphincter is dilated by the growing 
adenoma, and at operation it is further stretched and perhaps cut across 
Continence then depends on the external sphincter Two cases are 
reported in which the external sphincter had previously been paialj'zed, 
total incontinence resulting 

In disease of the central nervous system dilatation of the internal 
sphincter resulting in funnel-neck is common A series of patients with 
disease of the nervous system were examined in order to determine 
the frequency of this sign Other cases were reported in which it 
occuried independent of any nervous condition 

The part the sphincters play m ejaculation is discussed and illustrated 
by reports of further cases of paralysis of the sphincters In the normal 
waj' the external sphincter weakens during coitus, especially during 
ejaculation, but when the internal sphincter is paralyzed no weakening 
IS evident Penile erection is associated with spasm of the internal 
sphincter, and spasm of the internal sphincter produced by irritation, 
such as stone in the bladder, may produce priapism The varying types 
of adenoma bear different relationships to the internal sphincter The 
view that submucosal glands give rise to enlargement of the prostate 
IS supported The influence of enlargement of this gland on the internal 
sphincter is discussed 

Cysfometiy — Watts and Uhle presented evidence of lepresenta- 
tion of the bladder in the cerebral cortex and the region of the hypo- 
thalamus and even more caudal in the brain stem The nature of the 
evidence indicated that representation for this viscus contains both exci- 
tatory and inhibitory units Eleven patients with tumor of the brain 
associated with neurogenic bladder were studied Patients with hj'per- 
tonic curves gave histones of urgency and periodic involuntary urina- 
tion Two patients with hypotonic curves had difficult urination, 
followed by retention requiring cathetenzation The other patients with 
this type of curve had no urinary symptoms The abnormalities of 
function, tone and sensation of the bladder of patients with tumor 
of the brain are probably the result of a disturbance of representation of 
the bladder in certain parts of the brain or of tracts descending from 
them 

41 Watts, J W, and Uhle, C A W Bladder Dvsfunction in Cases of 
Brain Tumor A Cystometnc Studv, J Urol 34 10 (Julv) 1935 
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the application of radon seeds and coagulation, either suprapubically 
or, preferably, endovesically Occasionally an erosive destructive tumor 
which implicates the uieter requires resection with reimplantation In 
many cases such a tumor may be satis factonl} treated by intravesical 
implantation, the orifices of the ureters being guarded by an indwelling 
catheter Reimplantation of the ureter m the hands of the average 
surgeon is fatal to the kidney In cases of generalized carcinomatous 
change throughout the vesical cavity, actual cauterization, with or with- 
out the implantation of radon seeds, occasionally yields satisfactory 
results Total cystectomy has a limited field , when performed, it 
demands preliminary ureteral drainage, preferabl) through an ihac- 
cutaneous implant, and rarely preliminary uretero-mtestinal anastomo- 
sis Ureterostomy or nephrostoiity is occasionally necessary as a 
palliative measure to relieve suffering and to piolong life 

Dwci hcuhtm — Helen discussed the various surgical procedures 
for treating diverticula of the bladder and described a lateral approach 
through a pararectus or modified Gibson incision This facilitates expo- 
sure, especially w'hen the diverticulum is on the side or at the infero- 
lateral angle, and it permits its extravesical removal without opening 
the bladder A pararectus incision is made from the umbilicus to 2 5 cm 
above Poupart’s ligament and is then continued at a right angle 
to the midhne This gnes much more room than through the standard 
midline incision, permits sharp dissection if there is peridiverticulitis 
and facilitates identification and isolation of the ureter several inches 
aliove the diverticulum 

The bladder is not opened m the midhne as in the usual combined 
extiavesical and intravesical method The diverticulum is freed by 
blunt and sharp dissection and is severed from the bladder The open- 
ing IS then closed from the outside after a tube is inserted through it 
for drainage This does aw'ay w'lth another artificial opening into the 
bladder It is, of course, imperative to remoie whate^er obstruction 
may exist at the lesical neck before excision of the duerticulum is 
planned This can usually be done transurethrally The adiantages 
and disadiantages of the larious methods of dn erticulectomy are 
discussed 

Kutzmann stated that divciticulum of the urinar} bladder of the 
female occurs rareb This lesion is the result of both congenital and 
acquired anatomic factors Dnerticula form less frequenth in women 
since there are fewer acquired obstnictne factors of sufficient se\erit\ 

1-.1 V, R Latent Approach for Operating upon Dnerticula ot the 

J.latlckr, Surg, Gmicc S. Obst 61 IS-t (Hig) 1935 

p Kntnnann \ \ Duerticulum of the Urlnar^ Bladder in W omen, Am 
1 Swrg 29 102 (Tuh) 1935 
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advantage of the hormonal test m the control of treatment is shown 
m Hmman s cases Patients who do not have metastasis fail to excrete 
the hormone within two weeks after castration When the hormone 
persists, though i educed m quantity, metastasis has piobably occurred 
even though it cannot be demonstrated clinically The thud step is the 
consideration of radiosensitivity This can be predicted by past experience 
with similar tumois and clinically tested by watching the effect of 
irradiation on metastasis, when present, and on the amount of hormone 
m the urine The determination of this sensitivity may be called the 
therapeutic test of irradiation From 3,000 to 4,000 roentgen units 
to each field, requiring a period of three weeks for administration, 
will shou by the effect clinically on metastasis, and biologically on the 
amount of hormone excreted one to two wrecks later the relative 
degree of ladiosensitivity 

On the basis of the foregoing considerations patients may be divided 
into two groups Group 1 contains those patients without clinical 
evidence of metastasis who are in good physical condition , these can 
be subdivided, by the result of a hormonal test two weeks after castra- 
tion, into a negative and a positive subgroup The negative subgroup 
includes the few patients cured by castration All of these patients 
should, how'ever, receive a hormonal test every thiee to six months 
for tw^o years or longer Reappearance of the hormone in the urine 
indicates metastasis Should the microscopic structure of the tiimoi 
be similar to that which experience has shown is highly radioresistant 
early ladica! removal of the preaortic lymph zone should be considered, 
regardless of the effect of castration on the hormone The aisappearance 
of the hormone after castration is only relative evidence of cure for 
metastasis may not produce sufficient hormone in the urine to give a 
reaction Group 2 contains patients with clinical evidence of metastasis 
Castration may be indicated for local relief but is done mainly for 
diagnosis Expeiience has shown that these patients are inoperable and 
that iriadiation is the only curative treatment The prognosis depends 
on the extent and rapidity of metastasis and the general physical con- 
dition of the patient as w^ell as on the type of tumor and its radio- 
sensitivity 

A fairly accurate foiecast of the probable course in any given case 
is possible by these studies The chance of recovery ma}^ be estimated 
as good, fair or poor The prognosis is good when the patient is 
physically fit there is no demonstrable metastasis and the hormone has 
disappeared from the urine The patient’s condition is considered as 
fair w'hen he is in good physical condition and the structure of the 
tumor indicates that it will respond well to roentgen therapy , however, 
metastasis has appeared, and the hormone has persisted, even though 
It appeared to be diminishing under irradiation A poor outcome is 
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quency and hematuria The kidneys are never affected Calcification 
occurs in a later stage of the life cycle of this ulcer, so when one is 
seen early encrustation is not present Generally, the capacity of the 
bladder is not reduced The diagnosis is made by excluding any of 
the usual causes of ulcer of the bladdei such as tuberculosis, syphilis 
and neoplasm The prognosis in cases of simple chronic ulcer is favor- 
able Treatment has consisted of the application of silver nitrate, 
scraping of the ulcers or excision Lazarus did not obtain satisfactory 
results with these methods but did obtain a complete cure by the intra- 
venous injection of neoarsphenamme 

BUhai stasis — Loeweneck,®“ in discussing schistosomiasis, stated that 
cjstoscopy in cases of bilharziasis furnishes the most data if performed 
a few days after treatment has been instituted The Morgenstern cysto- 
scope is the most satisfactory instrument to use in examining, checking 
and treating this condition Simple urinalysis is of small value in 
determining whether the condition is still present , cystoscopic examina- 
tion IS usually necessary The disappearance of eosinophilia is the 
most decisive evidence of a cure 

Vesicovaginal Fistula — Lower®® stated that vesicovaginal fistula is 
legarded as an extremely rare condition but that in spite of improved 
surgical and obstetric technic there is still a considerable number of 
women who present themselves for treatment of this lesion It may 
result following childbirth or from a surgical accident during a pelvic 
operation, or it may result from a malignant condition of the bladder 
01 cervix, from the application of ladium in the treatment of a malig- 
nant process in the pelvis or from the invasion of the malignant growth 
Itself Fistula developed m a series of 71 cases reported b} Lower 
as follows as a result of childbirth m 10 cases m which cancer was 
not present and as a result of operative trauma in 32, and in cases 
in winch cancer was present, as a result of operative trauma m 11, 
ladium treatment in 13 and invasion bj^ cancer which had not been 
treated in 5 

Treatment of this lesion must be individualized, for no one type 
of operation oi approach can be used satisfactorily in all cases In 
man\ of the cases observed by Lowei repeated unsuccessful attempts 
hare been made to close the fistula In 1 case an attempt at repair 
had been made eleven times Each eftoit at treatment is made more 
difficult In the presence around the opening of hard fixed scar tissue 
The choice of the method in treating this condition depends on the 

i5 Locwcneck, M Zur Behandlung der Scliistosoniiasis haematobium, 
Zlwhr f tiro! Chir 40 202, 1934 

Lower, W E The Treatment of Vesicovaginal and Urcterovaginal 
riUuh \m T Surg 28 234 Qfav) 1935 
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gland when infection is present, and it occurs in cases of infections 
of the genito-unnary system in general The important facts m the 
diagnosis of suppuratne orchitis are persistent fever, leukocytosis, 
progressive sw^elhng, pain and tenderness of the testis and local fluctua- 
tion Early diagnosis of abscess of the testis makes possible the saving 
of testicular tissue by prompt incision and drainage 

Rosenberg reported 6 cases of abscess of the testis and 1 case of 
necrosis of the testis Four of the abscesses \vere associated wath 
gonorrhea and a complicating epididymitis, m 2 cases the condition 
was due to chronic infection of the urinary tract by nonspecific epididy- 
mitis The necrosis w'as probably due to torsion of the spermatic cord 
following Molent muscular effort Abscess of this organ is usually due 
to some infection either in the urinary or in the genital tract, excluding 
instances in w'hich it is associated with typhoid, influenza, cellulitis and 
osteomyelitis In the last-named condition, involvement of the testis 
is probably of hematogenous origin 

Generally there are four types of abscess of the testis Abscesses 
associated w'lth gonorrhea and a complicating epididymitis are usually 
small, and the testis generally sloughs out in its entirety Abscesses 
associated wnth chronic infection of the urinary tract or genital tract 
are usually large and cause complete destruction of the testis The}' 
occur in such conditions as obstruction of the prostate gland w’hen 
drainage b}' a catheter has been instituted and urethral instrumentation 
has been employed The third type is associated with torsion of the 
spermatic cord The fourth type is associated with systemic infections, 
such as typhoid, variola, influenza and cellulitis, and is usuall}' a true 
orchitis and rarely leads to suppuration When testicular abscesses 
occur in this instance, they are probably due to phlebitis of the spermatic 
^ essels Abscess of the testis associated with tuberculosis or a malignant 
condition is not considered Abscess of the testis usually results in 
complete destruction of the organ, whether or not drainage is instituted 
Early diagnosis is essential m order to conserve as much testicular 
tissue as possible 

Undescended Testis — Webster,^® who treated 11 patients w’ho had 
undescended testes wuth an extract of the urine of pregnant women, 
stated that in 10 of the cases the testes descended into the scrotum 
during treatment The 1 case in w'hich failure occurred was that of a 
man 26 years of age who had undergone previous exploration of the 
inguinal canal, the purpose being to locate the organ In all of 3 cases of 
bilateral undescended testis, descent into the scrotum occurred In 2 

45 Rosenberg, William Abscess of the Testicle, J Urol 34 44 (Juh ) 1935 

46 Webster, Bruce Effect of Anterior Pituitary-Like Principle from the 
Urine of Pregnanc 3 on Undescended Testes in Man, J M A 104 2157 
(June 15) 1935 
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the ^agmal layer Another feature is to separate the uterus from the 
bladder, even to the extent of opening the peiitoneal sac, making a wide 
separation of the bladder fiom the bioad ligaments above This facili- 
tates closure of extensive lesions with satisfactory results 

Atony — Braasch and Thompson®® stated that atony of the bladder 
IS never primary , it is caused by abnormal innervation, by obstruction 
or by both Continuous retention of urine from any cause will produce 
atony of the vesical wall In some cases it may be difficult to deteimine 
which factor is involved In most cases of atony, obstruction, either 
primary or secondary, is the predominating factor The factors involv- 
ing sphinctenc dysfunction are imbalance of innervation, with predomi- 
nance of the s)'mpathetic or filling nerves, rigidity, oi failuie of 
adequate relaxation of the internal sphincter, referred to as “dysec- 
tasia,” and apparent failuie of coordination of leflexes involved in the 
act of urination centering m the A^esical neck, to which the term achalasia 
has been given The first condition can be favorably influenced by 
presacral neurectomy, and the second usually can be remedied by thor- 
ough transurethial resection The abnormal tissue, which interferes 
with the function of the neck of the bladder, may in some cases be over- 
looked It is necessary to remove such tissues completely and to free 
eveiy cicatricial conti action in order to restore sphinctenc function 
Sphinctenc abnormality in the female presents problems quite different 
from those offered by corresponding conditions m the male In most 
cases judicious lemoval of sphinctenc tissue ivill overcome retention 
but subsequent presacral neurectomy may be necessarj Localized or 
partial atony may follow destruction of blanches of the pelvic nerves 
in the course of an operation on the bladder Various other types of 
atony may occur 

\¥ith acute retention, such as frequently occurs following an abdomi- 
nal operation, the advisability of drainage of the bladder before it becomes 
overdistended should be emphasized In contrast, with retention fol- 
lowing extensive injur} to the spine, overflow of the bladdei should be 
jiermitted rather than catheterization 

Mttsculatmc of Ve<ncal Neck — ^Macalpme^® stated that two mus- 
cles, one voluntary and the other inioluntary, and an inch or more 
apart, exist at the neck of the bladder, both functioning as sphincters 
This dual musculature is explained by the emergence of the ejaculaton 
ducts between them If both of these muscles are open when semen 
IS discharged, secretion mai escape into the bladder or to the exterior , 
also ail} urine in the bladder will flow out The internal sphincter 

30 Bmsch, W r and Thompson, G J Treatment of the Atonic Bladder, 
Surp, Gmkc & Obst 61 379 (Sept) 1935 

40 ^facalpme, T B The Musculature of the Bladder Xeck of the Male in 

Health and Disease, Proc Ro\ Soc Med (Sect Urol ) 28 39 (Xo\ ) 1934 
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layers are deposited If the condition is not treated, obstruction of urine 
of severe degree will develop, which without intervention may give 
rise to the formation of a fistula Chronic irritation has caused the 
development of cancer of the glans penis in at least one instance, and 
pressuie atiophy of the glans is common Diagnosis rests on the reali- 
zation of the existence of such a condition, and the treatment, without 
exception, is circumcision 

Twiwi of Cozvpo’s Gland — Uhle and Archer^® stated that primary 
caicinoma of Cowper’s gland is exceedingly rare Only 4 cases were 
found in the literature of the various countries of the world The 
etiology of this lesion is obscuie Uhle and Archer reported a case in 
which they considered themselves warranted m identifying the tissue 
as adenocai cmoma arising primarily from Cowper’s gland The alveolar 
spaces were numerous and weie lined with small cells of pyriform 
type in which mucous-secreting elements were evident H 3 fperplasia 
of the mtra-acinar type was definite These hyperplastic acini showed 
wide variation m size , m some areas the acmi were represented by small 
islands of epithelial cells wifli no definite ariangement and appeared 
to lack a basement membrane'' 

Symptoms in cases of malignancy of Cowper’s gland are primarily 
in the peiineum and rectum Persistent local discomfort, aggravated by 
sitting or walking, and pam on defecation are the most common symp- 
toms If fiequency, urgency, dysuria and burning are also present, the 
lesion has probably extended to the urethra or periurethral tissue If 
urinary difficulties are the predominating symptoms, the diagnosis of 
primary carcinoma of the urethra is more probable Sometimes the 
chief complaint is that of a lump or swelling in front of the anus Tender- 
ness may or may not be present The skjn of the perineum may or 
may not be fixed The proximity of the neoplasm to the rectal wall 
often leads to a mistaken diagnosis of a rectal lesion The patient in 
the case herein reported was treated for an anal fistula, the mucosa 
of the lectum was fixed to the mass while theboundanes of the infiltra- 
tive tissue were difficult to discern both by perineal and by rectal 
examination 

The treatment of carcinoma of Cowper’s gland is surgical Early 
diagnoses have been i ai e , most patients have been seen in the end-stages, 
Avhen only a poition of the tumoi could be excised, so that a remnant 
had to be left to be treated by palliative measures With the addition of 
roentgen and radium therapy, moie satisfactory results may be expected 
in the future 

48 Uhle, CAW, and Archer, G F Primary Carcinoma of Cowper’s 
Gland Report of a Case with a Renew of the Literature, J Urol 34 128 
(Aug ) 1935 


(T o be Concluded) 
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TESTES 

Twiio) — Hmman and Powell *- stated that tumor of the pitmtar) 
gland, embryonal tumor and pregnancy are known causes of the appear- 
ance m the urine of gonad-stimulatmg hormones The stimulation of 
growth of the gonads and genitals of infantile animals varies with 
the origin of the hormone producing it, the amount present in the urine 
and the animal used for the injections Infantile mice and lats are 
used A qualitative test for as low as 250 units is made first on fiesh, 
unaltered morning urine If the reaction is positive, a quantitative test 
can be made The microscopic ripening of graafian follicles is more 
easily observed in mice than in rats, and the gross enlargement of the 
uterine horns is more definite and diagnostic in mice than in rats 

The majority of tumors of the testes are embryonal, and the urine 
of patients with such a tumor contains a substance which produces gross 
enlargement of the uterine horns or microscopic ripening of ovarian 
follicles when injected into infantile female mice and rats The presence 
of such a gonadotropic hormone in the urine of a patient with a tumor 
of the testis is presumptive evidence of malignancy of the testis, and 
Its absence is strong but not definite evidence against the presence of 
a malignant condition The effect of irradiation on the amount of hor- 
mone in the urine, as determined by quantitative methods before and 
after irradiation, gives a good indication of radiosensitivity, and it maj 
be used as a therapeutic test m conjunction with the clinical effect on 
metastasis, when present The therapeutic test of irradiation must 
be interpreted in conjunction with the histologic structure of the tumor 
the clinical absence of metastasis or the character of metastasis when 
present and the physical condition of the patient The hormonal test, 
correlated as before mentioned, permits more accurate prognosis and 
better control of treatment than has been possible heretofore and it 
may be of value in the classification of tumors the nature of which is 
questionable on histologic study alone 

Hmman stated that the prognosis and treatment of a tumor of 
the testis maj be determined by the following three considerations and 
lines of piocedure Early and definite diagnosis is the first step in the 
tieatment oi the disease The hormonal test, m the short period of its 
application, seems to indicate with accuracy the presence or absence 
of a testiculai malignant process The second step is the determination 
of the piesence or absence of metastasis bj' clinical examination and 
biologic test For practical purposes, patients can be divided into two 
gioup'? those without metastasis and those with metastasis The 

42 Hinnnn, Fran'k, and Powel], T O The Gonadotropic Hormone in tlic 
I rule oi Men with Tumor of the Tcsti<; T Urol 34 55 (TuK) 1915 

41 Hinnnn Fniik The ProRiiosis and Treatment of Tumors oi the Tt^tn 
? Urol 34 72 (TuK) 1915 
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for the control of this disease, with varying results In 1927 Fieri = 
performed unilateral resection of the splanchnic nerves for intestinal 
atony, and recently de Takats and his associates, on an experimental 
basis,® recommended bilateral resection of these nerves for the relief 
of juvenile diabetes 

In evaluating the effects of this surgical procedure, the primary 
interest of most investigators has been directed to subsequent mani- 
festations of clinical improvement These have been variable, owing 
perhaps, to the extent and duration of the underlying disease However, 
unilateial and bilateial resection of the splanchnic nerves have made 
available opportunities for investigating the specific functions of these 
nerves and their lole in the bodj'^ econom}^ 

Many concepts regarding the ph3'siology of the human splanchnic 
neives have been derived from expeiimentation on animals Some views, 
not entiiely accurate, have persisted for man}' years without challenge 
Thus, the investigations of Bayliss and Starling' in 1899 indicated that 
the splanchnic nerves exert a tonic inhibitoiy influence on intestinal 
movement At no time did they obtain evidence that these nerves possess 
a motor function Subsequent experimentation has altered this view® 
More accurate information regarding the manifold function of the 
human splanchnic nerves will be available when direct observations 
are made on man This is now possible owing to the frequency with 
which resection of the splanchnic neives is being employed in the 
management of various diseases 

Recently an opportunity for studying objectively one function of the 
splanchnic nerves — namely, their influence on the human gastric motor 
mechanism — became possible when bilateral resection of the splanchnic 
nerves was accomplished for the control of seveie diabetes ® A review 
of the literature has failed to reveal any reference to another study of 
this kind The purpose of this paper is to report the results of our 
observations 

5 Pien, Gino La resezione dei nervi splancnici, Ann ital di chir 6 678 
(July) 1927, quoted by Craig and Brown® 

6 (a) de Takats, Geza, and Cuthbert, F P Surgical Attempts at Increas- 

ing Sugar Tolerance, Arch Surg 26 750 (May) 1933 (b) de Takats, Geza, 
and Fenn, G K Bilateral Splanchnic Nerve Section in a Juvenile Diabetic, Ann 
Int Med 7 422 (Oct) 1933 (r) de Takats, Geza, Fenn, G K, and Trump, 

Ruth A Splanchnic Nerve Section in Juvenile Diabetes, ibid 7 1201 (April) 

1934 , 

7 Bayhss, W M , and Starling, E H The Movements and Innervation ot 

the Small Intestine, J Phjsiol 24 99, 1899 

8 Barry, D T The Functions of the Great Splanchnic Nerves, J Physiol 
75 480, 1932 
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expected \\hen the patient loses ground physically, A^hen metastasis 
resists treatment or recurs rapidly and ^\hen the amount of honnone 
m the urme is only slightly affected or even increases 

Of 25 patients with no evidence of metastasis, 14 underwent radical 
operation, 9 for tumor on the right side and 5 for tumor on the left 
side Ten n ere living at the time of the report, all with a good prognosis 
4 w ere dead Seven show ed metastasis m the glands removed at opera- 
tion , 4 of these patients vere living, after fourteen years, four years and 
ten months, one year and one month and three months, respectnel} 
Three are dead Se\en had glands removed which did not show metas- 
tasis, in 2 of these patients there was an unusual degree of endothelial 
hyperplasia, and 1 was living and w^ell after six years and one month 
and the other was dead The 5 remaining patients w^ere still living 
after eight )ears and nine months, two jears and eight months, one 
lear and four months and one year (2), respectively 

Of the 11 patients without metastasis treated by castration and 
roentgen ra}s, 8 were living 1 after two years, with a good prognosis, 
4 with only a fair result because the hormonal tests gave positive 
results, and 3 with a definitely poor prognosis Of the 4 patients with 
a fair prognosis, 1 Ined seven years before metastasis appeared, but 
the amount of hormone in the urine w'as increasing in spite of roentgen 
therapy, another lived seien jears since castration but although 
metastasis was not erident clinically, the amount of the hormone m 
the urine was increasing and the other 2, wnth a fair prognosis, had 
Ined one and three jears, respectn elj', without clinical eiidence of 
metastasis but wnth positive reactions to hormonal tests Of 29 patients 
with clinical eiidence of metastasis when first seen, onlj’- 10 were alne 
4 w ith a fair prognosis 

Iiifeciiou — iMathe^^ reported a case of the fulminating tjpe of 
testicular abscess, due to the colon bacillus, affecting a voung man with 
nongonorrheal infection of the genito-urmarj’- tract It followed instru- 
mentation, a differential diagnosis was difficult to make, and the con- 
dition was rehe\ed bj orchidectomj 

Suppuratne orchitis is relatnelj infrequent compared to epididjmitis 
cpididj mo-orchitis and orchitis, but it is not a rare disease The pos- 
sibihtj of its presence should be considered when acute inflammatorj 
processes of tlie testis are being dealt with Infection of the testis 
takes place through the blood stream, Ijunph channels and natural 
channels bj waj of the las deferens and maj be due to torsion of 
the spennatic cord, to trauma to the testis during operation or to toxic 
poisoning It is a complication of gonorrheal and nongonorrheal 
iirethntis it maj follow cathetenration or operation on the prostate 

-14 Mathe C P Suppiratwe Orchitis Its Dia^osib and Treatment T 
Lrol 34 324 (Oct J 1933 
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instances hernias persisted three months after descent of the testes 
Through these hernias the testes could be pushed back into the inguinal 
canal In each instance the testes tended to increase in size after their 
descent into the scrotum, and m 3 cases the affected organ could not 
be differentiated fiom the normal one on physical examination three 
months after cessation of treatment The others remained smaller than 
normal All of them increased m degiee of firmness Assays of the 
urine of the 5 boys who were above the age of 11 years for testes 
hormone showed no definite change after treatment This was expected 
since all of the patients except 1 had normal secondary sexual character- 
istics, and in this instance the departure from normal was not extreme 

The dosage of the extract of the urine of pregnant women was more 
than that used in most of the other cases previously reported No reac- 
tions were encountered except slight er}nhema at the site of the injection 
With this system of dosage, descent of the testis usually occuned during 
the third week of treatment The period during which the hoimone 
is administered as well as the total number of units given is a factoi 
Although these cases were unselected, it is probable that there vas an 
element of chance in determining the high percentage of cases m which 
descent occurred, since it is likely that m a ceitain group of cases 
the testes are prevented from descending by mechanical block such 
as that caused by the adhesions common!}' found at opeiation No 
conclusions could be made in regard to the mechanism that was 
responsible for the descent of the testes 

PENIS 

Pjcputml Stone — Ingraham stated that preputial stone occurs in 
those cases of phimosis, usually congenital, m which the orifice for the 
passage of urine becomes so small that stagnation occurs m the 
preputial sac, which is distended by pressure of urine from the bladdei 
The anterior portion of the urethra becomes dilated, and the bladdei 
hypei trophies and enlarges Hydro-ureter may develop if the condition 
continues over a long period In the presence of infection, the debris 
lom which forms a nucleus, stagnation of urine is hkel} to result 
m the deposit of urinary salts to form calculi m the kidneys bladder or 
preputial sac The calculi formed high in the urinary tract are caught 
3} t le phimosed prepuce if they are earned dou nward by the flow of 
urine, and the result is the same as though they w'ere formed in the 
atler situation The stones consist of organic matter impregnated w ith 
ca cium or magnesium phosphate or urate, occasionally of ammonium 
-a or line acid They increase moie oi less rapidh' in size as successne 

N R . Jr Preputial Calculus, a Clinical Rariti Report of a 
Ca^c, T A M 105 106 (Juh 13) 1935 
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EFFECT OF BILATERAL RESECTION OF THE 
SPLANCHNIC NERVES ON GASTRIC 
MOTILITY IN IMAN 


LOUIS E BARRON, MD 
^E\V HaPeK, conn 

AND 

GEORGE M CURTIS, MD 

AND 

WILLIAM T HAVERFIELD, BA 

COLUMBUS, OHIO 


During the past fifteen 3 'ears numerous attempts ha\e been made 
to correct certain abnormal physiologic states by the surgical interrup- 
tion of various nervous pathway's Among these operatne piocedures, 
unilateral and bilateral resections of the splanchnic nenes have been 
frequently employed In 1921 Jean ^ performed resection of the splanch- 
nic nerves for the lelief of pyloric spasm, hyperacidity and gastric 
hvpersecretion Danielopolu - recommended the same procedure for the 
management of hypertension For a few years resection of the left 
splanchnic nerves was considered adequate for the production of clinical 
relief in aiterial Iiypertension Craig and Brown ® performed unilateral 
and bilateral resection of the major and minor splanchnic nerves for the 
relief of essential hypertension in j^oung persons and concluded that it 
Mas a justifiable procedure in the early stages of the severe progressive 
form The interruption of other nerv ous pathvv ays has been attempted 


From the Department of Surgeri and the Department of Medical and Surgical 
Research, Ihc Ohio State Unncrsitv 

Presented m part before the Fort\ -Se\ enth Annual Meeting of the A.mencan 
Pin siological Socteu, Detroit, April 11 , 1935 

1 lean, G Les nerfs splanchniques au point de vue chirurgical, ^rch de 
med ct pharm na\ 111 292, 1921 

2 Danielopolu, qu Hn Craig and Brow n ^ 

* Brown, George E Unilateral and Bilateral 

" Splanchnic Nerves Its Effects in Cases of 
•V.. led 54 577 (Oct ) 1934 

and Heutr, eorge J A. Surgical Treatment of Essential 
h"estic:ation 14 22 (Tan) 1935, The Effect of Renal 
Liicriation on the Lc\tl 01 Arterial Blood Pressure and Renal Function m 
l-ssentnl Haptrlciision, ibid 14 27 (Jan) 1935 


3 Craig, WmHi-^ 
Resection 01 th^~^ 
Essential Hv , j,. 

•1 Pae' , 1 , 
HapcrlLiision f Qin 





BARRON ET AL— GASTRIC MOTILITY 


579 


PROCEDURE 

The patient, a cooperative white man of 28, was trained to swallow a condom 
balloon attached to the end of a Rehfuss tube in place of the metal bulb The 
tube was then connected to a bromoform manometer In order that we might know 
accurately the location of the balloon m the stomach, a balloon coated with barium 
sulfate ® was first swallowed, and its position was ascertained bj^ means of the 
fluoroscope and by roentgenograms (fig 1) The length of rubber tubing from tbis 
position to tbe incisor teeth was 54 cm This distance was kept constant throughout 



v: 




! 


Tig 1 Roentgenogram demonstrating the balloon coated -with barium sulfate 
m the stomach 

the observations At the beginning of each experiment, the balloon was inflated 
to a pressure of 2 cc of bromoform, and gastric motilitv was recorded on a 
sow \ revolving kvmograph (fig 2) An automatic timer, recording everj 
nc seconds, was incorporated into the svstem This made it possible to determine 
accuratelv the duration of and the interval between contractions Observations 
were made in the morning, fourteen hours after the preceding meal, and were 
continued for a period of about five hours 

9 Carlson, \ J The Control of Hunger ni Health and Disease, Chicago, 
Liiiversitv of Chicago Press, 1910 
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certain instances quiescence, appearing between periods of activity, 
exhibited an abiupt onset and an abrupt cessation “Gastric respirations” 
frequentl}’’ were associated with low grade fluctuations in tonus (fig 4), 
followed by feeble contractions which became increasingly severe, 
making it difficult to differentiate between the cessation of quiescence 
and the onset of activity 





Fig 4 — ^Tracing made on Nov 16, 1934, showing feeble changes of tonus 



Fig 5 — Type I contractions 



Fig 6 — Type II contractions 


Gastric motility was analyzed according to Carlson’s criteria ® Three 
types of contraction were recognized, depending on the degree of gastric 
tonus T3^pe I denotes a state of low grade tonus (fig 5) Actual con- 
tractions are feeble, and the amplitude is low This type of motility was 
commonly observed during the control period 

Tj^pe II contractions are associated with a relatively strong gastric 
tonus These contractions occur in rapid succession without any marked 
intervening pause (fig 6) Contractions of this type were observed 




BlRRO\ LI //— (. /s//x7( MO nun 


=;8s 

rntcLii iircdpiritm control oli^iiv wuc in itk (tabk 1) pnoi lo Inhtcral 
rc^LLtion ol tin. ■'iihiKtiiiiL luivc'- I In'- was (ii)in, in two stages On No\ 28, 
I9i4 resection ol tlie left s))hnelnm iui\is w is ueoinplislied Studies of pastiie 
niotilit\ were resumed cmlit di\s nitei the opei ition Iwente-oue postoperatne 
ol)«er\ itions (tilile 21 were unde under tlie s mie conditions is olitained duiing 
the control period Keseetion ol llu iiglit splmeliiue iierxes was then performed 
on March d. 19es tlie s mie teihnie heme utili/e<l is m the prenoiis operation 
Studies ol gastrie motilitv weie ig im tmditliken ilioiit a week postopciatuch, 
and twent\-fi\e suliseipient ohsenatioiis (t ihli 31 were mule 

Slant I RiUilioa of llu I tjl Sf'laiuliitu Xn'if No' 2S nS I — M itli the 
patient under gas anesthesia, a eiirxed p ir nertehr il lueision was made o\er the 
inner ends ol the ninth tenth lud cle\intli iihs the longitudinal mubclcs 
were carcfulK separited irom their cost il attiehments ind were retracted lateralh 
The inner ends oi the ninth tenth iiid eleventh rihs weie freed, disarticiil ited 
and resected lo mere ise the exposure inits oi the triiisverbc processes were 



removed with a rongeur The thin piciiri was retracted laterad The posterio’' 
mediastinum was then entered The splanchnic nerves were identified A number 
of branches extending through the diaphragm were found These arose from 
the ganghonated cord In all there were two large and five small branches These 
were dissected, and 3 to 5 cm segments were resected All connections vv'ith 
the ganghonated cord were severed The region was thoroughly explored for 
accessory splanchnic nerves None were found The wound w'as closed in lavers 
Throughout the operation no complication was encountered Immediately after 
t e resection of the left splanchnic nerves there was no precipitous drop m the 
00 pressure The postoperative convalescence was uncomplicated Shortly' after 
t e operation the blood pressure gradually fell to a low level, but at no time 
were untoward symptoms apparent 

^I Resection of the Right Splanchnic Ncives, hlaich 4, 1935 — The 
cc nic and details of this stage were essentially' the same as those m the first 
sage No complications occurred, and recovery was rapid Postoperatively, the 
rop m blood pressure was not so marked as that which occurred after the first 
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between conti actions The numbei of contractions during a period of 
obseivation was increased The reason for this was the prolonged dura- 
tion of activit}^ There was a slight but definite increase in the amplitude 
of contractions Type III contractions were common The rapidity 



Fig 8 — ^Tracing made on Feb 13, 1935, showing intense gastric motihty after 
resection of the left splanchnic nerves The maximal amplitude of contractions 
was 14 cm 



Fig 9 — Tracing made on Feb 27, 1935, showing persistent gastric motihty after 
resection of the left splanchnic nerves The duration of the period of activity 
was three hundred and forty-four minutes 

With which these contractions appeared made it impossible to evaluate 
accurately the number of, the duration of, and the interval between, 
contractions Occasionally there was a blending of type II and type HI, 
making it difficult to differentiate between the two 
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described In some experiments there was complete abolition of relative 
quiescence, the entire period of observation being one of intense gastric 
motility Many experiments were similar to those following the resection 
of the left splanchnic nerves in that there was an initial short period of 
activity teiminatmg in tetany This was followed by a very short period 
of quiescence, after which the motility was continuous throughout 
the period of observation No change of any magnitude was observed 
in the type of, the duration of, the interval between, or the amplitude 
of, contractions when they were compared with the results following 
lesection of the left splanchnic nerves 

COMMCNT 

Abdominal and extra-abdominal surgeiy are frequently complicated 
by morbid physiologic processes which if uncorrected may proceed to a 
fatal termination Acute dilatation of the stomach and paralytic ileus 
still present pressing problems in their etiology and management The 
investigations of Biunemeier and Carlson^® and Dragstedt indicate 
that surgical intervention on the gastro-intestinal tract is associated 
with interference with efferent and afferent nervous pathways These 
play an important role in the development of complications 

The work reported in this paper was undertaken to establish certain 
basic facts, on which can be constructed fuither investigation This may 
yield information regarding the role of the mechanism of the gastro- 
intestinal motor nerves in the production and management of these 
perverted physiologic conditions 

The effects of bilateral lesection of the splanchnic nerves on the 
gastric motility of dogs indicated an increase in gastric tonus and an 
augmentation of the contractions Motility frequently was continuous 
thioughout a period of observation of from two to four hours® The 
results of our expel iments on our patient confirm these findings 
Tables 1, 2 and 3 illustrate that after bilateral resection of the splanchnic 
nerves there is a definite augmentation of gastric activity Occasionally 
the motility after resection of the splanchnic nerves did not differ from 
that observed during the control period 

The vagus is considered the pi unary motor nerve to the stomach 
Theiefore, it would seem that the augmentation in gastric tonus sub- 

11 Dragsteclt, Lester R Failure of Reabsorption of Gastric and Pancreatic 
Juice as a Pathogenic Factor in Some Gastro-Intestinal Disturbances, Am J 
Surg 11 544, 1931 

12 Dragstedt, Lester R, Montgomerj, Laurence, Elhs, James C, and 
Matthews, Warren B The Pathogenesis of Acute Dilatation of the Stomach, 
Surg, Gjnec & Obst 52 1075, 1931 

13 Brunemeier, E H , and Carlson, A J Reflexes from the Intestinal Mucosn 
to the Stomach, Am J Phisiol 36 191, 1914 
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stige There Ins been t gradual decrease m the patient’s requirement of insulin 
At present the condition is controlled with 30 units daih, in contrast to 100 units, 
w'hicli he required prior to surgical interaention 

RESULTS 

The eftects of btlateial lesection of the splanchnic nerves on gastric 
niotiht} were etahiated accoiding to the follownng criteria (1) duration 
of the expel inient, (2) number of peiiods of quiescence, (3) duration of 
quiescence, (4) number of peiiods of activity, (5) duration of activity, 
(6) numbei of contiactions dining a peiiod of activity, (7) duration 
of the contractions, (8) mteival between contiactions, (9) amplitude of 
contractions and (10) type of contractions 

The data accumulated dining the contiol peiiod aie piesented in 
table 1 



Fig 3 — Kjmographic tracing made on Oct 7, 1934, showing relative gastric 
quiescence at the beginning of a period of observation Respiratory movements or 
“gastric respirations” can be noted 


The normal empty living stomach is raiely, if evei, in a state of 
absolute quiescence Expei iraentation ® reveals rhythmic peiiods 
of motility alternating wnth periods of relative quiescence Dui ing these 
there may be an absence of actual conti actihty, but a ceitam degree 
of gastric tonus is ahvays piesent Kymogiaphic lecords, obtained by 
the balloon method during periods of relative quiescence, fiequently 
reveal the influence of diaphragmatic excursions These have been 
termed “gastric respiiations” (fig 3) With the bromoform manometer 
It IS possible to record even the pulsations of the mtra-abdominal ves- 
sels, supei imposed on the fluctuations in gastric tonus 

In our experiments, periods of relative quiescence often occurred 
at the beginning This may have been due to reflex motor inhibition of 
the stomach, subsequent to esophageal and gastric stimulation In 

10 Carlson, A J Gastric Hunger Contractions Inhibited Reflexly from the 
Mouth, Am J Physiol 31 212, 1913 , Influence of Stimulation of the Gastric 
Alucosa on Gastric Hunger Contractions, ibid 32 245 and 389, 1913 
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The gastric motor mechanism is frequently augmented m severe 
unconti oiled diabetes This observation was made by Luckhardt on 
untieated diabetic dogs and on man In the preinsulin days Allen 
obseived that the polyphagia of diabetes in man often disappeared simul- 
taneously with the disappearance of acidosis and glycosuiia These 
clinical and laboratory data indicate that there exists a relationship 
between gasti ic motility and the blood sugar level 

Bulatao and Carlson found that the gastric hypermotility of 
diabetic dogs often disappeaied when the blood sugai level was restoied 
to normal by insulin theiap}^ These authors suggested the possibility 
that undei ordinary conditions gastric tonus and the conti actions of 
the empt}'' stomach increase paiallel with the reduction of glycogen in 
the tissues ' 

The blood sugai level of our patient was well controlled by caieful 
therapy with insulin and dextrose Occasionally hypoglycemia was 
obseived, but the condition was rectified as soon as it became apparent 
Stability of the blood sugar level was of paramount importance in 
ordei that the true results of splanchnic resection would not be obscured 
Ah'aiez-^ repoited that aftei resection of the splanchnic nerves in 
labbits the bowel became so sensitne that when it was touched it often 
contracted to form a firm white cord Although gastric hypermotility 
was the piedoniinaiit feature following bilateral resection of the splanch- 
nic nerves m this patient, clinically theie were no untoward manifesta- 
tions The postopeiative course of this patient, like that of others," 
was entirely uneventful There was no evidence of abdominal distress, 
cramping sensations or colic Diairhea was not obseived Aftei each 
stage there was a lowering of the blood pressure This was most maiked 
after the first stage It produced no complications Although there has 
ensued a definite reduction of the lequiiement of insulin, up to the present 
time insulin cannot be wholly omitted The eftect of bilateial splanchnic 
resection on the diabetes will be leported in extenso subsequently 

18 Luckhardt, A B The Cause of the Polyphagia of Pancieatic Diabetes, 
Am I Physiol 33 315, 1914 

19 Allen, F M Studies Concerning Diabetes, JAMA 63 939 (Sept 12) 
1914 , Prolonged Fasting in Diabetes, Am J M Sc 150 480, 1915 

20 Bulatao, E , and Carlson, A J The Influence of Experimental Changes in 
the Blood Sugar Level on Gastric Hunger Contractions, Am J Physiol 69 107, 

1924 . 

21 Alvarez, W C Effect of Degenerative Section on the \ agus and 
Splanchnic Nerves on the Digestive Tract, Proc Staff Meet, Maio Clin 4 205, 
1929 

22 Craig and Brown ^ de Takats and Fenn ci> 

23 Ivy, A C The Applied Physiology of Gastro-Intestmal Innervation, 
Am J Digest Dis & Nutrition 1 845 (Feb ) 1935 
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frequently Duiing periods of type II conti actions, the numbei of, the 
duiation of the intenal between, and the amplitude of, conti actions 
weie detei mined 

Conti actions designated as type III occui wdien the stomach is m a 
state of tetany (hg 7) This is charactei i?ed by periods of stiong and 
relatively peisistent tonus, on which aie supei imposed a series of rapid 
contractions Type III was not obseived dining the conti ol period The 
various types of contractions, as obseived, aie piesented in tables 1, 
2 and 3 

The data accumulated subsequent to lesection of the left splanchnic 
nerves are piesented in table 2 The fiist foui obseivations weie moie 
or less uniform, in that each exhibited shoit peiiods of intense motility 



Fig 7 — T\pe III contractions, or gastric tetanj 


interrupted by shoit periods of quiescence (fig 8) In the first of 
these obsenations the periods of activity weie extiemely short The 
details aie tabulated In the three subsequent observations there w^as a 
definite inciease in the duiation of activity Finally, in the seventeen 
subsequent experiments the outstanding featuie ivas the persistent 
intense gastric motility (fig 9) 

Gastric motility w'as frequently obsen^ed at the beginning of the 
experiment This persisted foi approximately an houi and terminated 
in a veiy short period of quiescence the duration of wdiich w'as approxi- 
mately ten to tivelve minutes Follownng quiescence, motility was 
resumed and usually continued throughout the period of observation 
ften the motiht}^ ended abruptly in gastric tetany, which lasted approxi- 
mateh ten minutes In the majority of instances the contractions w'eie 
o Upe II, with no great laiiation m the duiation of and the interval 



LACTOGENIC SUBSTANCE IN THE HUMAN BREAST 

ITS USE IN EXPERIMENTAL STIMULATION OE MAMMARY SECRETION 
AND ITS ASSAY IN CASES OE CYSTIC DISEASE 

CHARLES F GESCHICKTER, MD 

AND 

DEAN LEWIS, MD 

BALTIMORE 

That there exists a lelationship between the anterior lobe of the 
hypoplij'sis and lactation has been shown by the work of Grater and 
Strieker ^ Investigations which demonstrated the effect of extracts of 
the antenoi lobe of the hypoph3'-sis on mammary secretion have been 
made by Cornet,^ Nelson and Pfiffner,® Gardner and Turner^ and 
Riddle, Bates and Dj^shorn ® These studies have shown that when 
the mammary glands of rats, gumea-pigs, rabbits and dogs have been 
stimulated b}^ the injection of ovarian hormones, injections of extracts 
of the anterior lobe of the hypophysis may initiate secretory activity 

Purified lactogenic substances have been prepared from the anterior 
lobe of the hypopltysis by Turner and his co-workers and by Riddle 
and his co-workers The use of these extracts and the response of the 

This work was aided by a grant from the Anna Fuller Fund 

From the Surgical Pathological Laboratory, Department of Surgery, the Johns 
Hopkins Hospital and University 

1 Gruter, F , and Strieker, P Ueber die Wirkung eines Hypophysenvorder- 
lappenhormons auf die Auslosung der Milchsekretion, Klin Wchnschr 8 2322, 
1929 

2 Corner, G W The Hormonal Control of Lactation, Am J Physiol 95 
43, 1930 

3 Nelson, W O , and Pfiffner, J J An Experimental Study of the Factors 
Concerned m Mammary Gland Growth and Milk Secretion, Proc Soc Exper Biol 
& Med 28 1, 1930 

4 Gardner, W U , and Turner, C W The Function, Assay and Preparation 
of Galactm, a Lactation Stimulating Hormone of the Anterior Pituitary, and an 
Investigation of the Factors Responsible for the Control of Normal Lactation, 
Research Bulletin 196, Agricultural Experiment Station, University of Missouri, 
June 1933 

5 Riddle, O , Bates, R W , and Dvkshorn, S W The Preparation, Identi- 
fication and Assay of Prolactin— A Hormone of the Anterior Pituitarv, Am J 
Physiol 105 191, 1933 

6 Turner, C W Personal communication to the authors 
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The results subsequent to resection of the right splanchnic nerACS 
were similar to those following the first stage (table 3) Tw'enty-fi^e 
obser\ations w'ere made Again the outstanding feature w^as the per- 
sistence of intense gastric motihtj (fig 10) During some observations 



Fig 10 — Tracing made on April 16, 1935, showing persistent gastric motilitj 
after resection of the right splanchnic ner\es The total duration of actiMt\ 
was three hundred minutes 



Fig 11 Tracing made on ifarch 22, 1935, showing intense gastric motilitj 
a ter resection of the right splanchnic neries The maximal amplitude of con- 
tractions was 11 cm 


the contractions W'ere et en of sufficient magnitude to rupture the balloon 
mid to force the bromoform almost from the manometer (fig 11) 
ol owung them, there w as a transitor}"^ decrease m gastric tonus, f ol- 
owed b}' contractions of great amplitude comparable to those just 
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Fig 1 — Photomicrographs of specimens from the breast of a mature female 
monkey {A before and B after treatment) which was given injections of SOO rat 
units of estrogenic substance followed by 400 bird units of lactogenic substance 
(given twice daily over a period of five dajs) Mammary secretion (lactation) 
occurred 
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sequent to bilateial lesection of the splanchnic nerves is due to the unop- 
posed action of the vagus neives Howevei, Cailson, Bo3^d and Pearcy 
found that stimulation of the vagus neive pioduces a motor response 
if gastric tonus is low and an mhibitoiy i espouse if it is high McCrea, 
McSwmey and Stopford^“ also concluded that the primary effect of 
stimulation of the vagus is dependent on the existing condition of the 
peripheral mechanism oi tonus Either inhibition or augmentation of 
gastric tonus ma3>- lesult Hence, the t3'pe and duration of motility 
depend largety on the degree of gastric tonus exhibited on the day of 
observation 

In some instances, dogs with the splanchnic neives sectioned showed 
no greater tonus and no greater late and persistence of contractions 
than did the dogs with these nerves intact ® These observations are m 
keeping with our findings In certain experiments we observed that 
gastric motility was more peisistent during the control period Carlson’s 
explanation for this is that section of these neives eliminates one of 
the least important of the factois involving the motor activity of the 
empty stomach The conditions influencing the stomach through the 
blood and through the vagi are still subject to practically the same 
variations as in the normal subject with the splanchnic nerves intact 

Cannon reported that resection of the splanchnic nerves did not 
alter the gastric movements in the cat It is difficult to account for this 
in view of our findings and those of other investigators 

After resection of the left splanchnic nerves we observed that gastric 
motility was at times continuous throughout a period of observation of 
from four to five hours There was also an augmentation m gastric 
tonus but no appreciable change in the duration of and the interval 
between contractions Gastric tetany was frequently observed After 
resection of the right splanchnic nerves, the results simulated closely 
those observed subsequent to the first operation The periods of activity 
were equally persistent 

14 Carlson, A J , Boyd, T E , and Pearcy, J F Studies on the Visceral 
Sensory Nervous System Innervation of the Cardia and the Lower End of the 

sophagus in Mammals, Am J Physiol 61 14, 1922, Studies on the Visceral 
,.ensorj Nervous System Reflex Control of the Cardia and Lower Esophagus 
m Mammals, Arch Int Med 30 409 (Oct ) 1922 

15 McCrea, E D , McSwmej, B A , and Stopford, J S B Effect on the 
Stomach of Stimulation of the Peripheral End of the Vagus Nerve, Quart J 
Exper Plnsiol 15 201, 1925 

16 Luckhardt, A B , and Carlson, A J On the Chemical Control of the 
Gastric Hunger Alechamsm, Am J Phjsiol 36 37, 1914 

. ^ lilotor Activities of the Stomach and Small Intestines 

^fter Splanchnic and Vagus Section, Am J Phvsiol 17 429, 1906 
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ErrrcT or lactogenic substance on the mammary glands 
or menstruating women 

Liquefaction of the peiiductal fibrous tissue and shedding of the 
epithelial elements weie observed inicroscopicall} in the bi easts of 
monkeys aftei injections of lactogenic substances “ Like injections 
were given menstiuating women who had various forms of chronic 
mastitis but who had not been recently delivered The studies 
diffeiecl, theiefore, from those which had previously been made 
In two instances a biopsy of tissue from the breast was made 
both before and after the injections, and in three cases, 
aftei the injections had been given In all, fourteen women received 
injections Mammary secietion occurred in three after injections of 
estiogenic substance and lactogenic substance No secretion was 
noted m six patients who received estrogenic and lactogenic substances 

Tadlc I — Admimstt alion of Esttogemc and Lactogenic Substances ivith the 
Pioduction of ^Iainmai\< Sccietwn 


rstrogcnic Lactogenic 
Substance Substance 



Patient 

“Vge, 

Years 

Previous 

Pregnancy 

Diagnosis 

Dose, 

Rat 

Units 

Total' 

Rot 

Units 

1 ^ — 

Dose, 

Bird 

Units 

Total 

Bird 

Units 

M P • 

SO 

1 (10 yrs ) 

Adenosis 

500 ev erj 

4th day 

S,500 

ICO dally 
forSdajs 

SOO 

MLB 

4B 

1 (SSjrs ) 

Adenosis 

500 ever} 

4th dnj 

3,500 

so twice 
daily for 

7 doys 

1 120 

A B Nt 

40 

1 (10 J rs ) 

Adenosis 

500 every 

4th day 

3,000 

100 twice 
daily lor 

COO 


3 days 


♦ Two biopsies -nerc made three and eleven days after the onset of the secretion 
t IVo similar courses of estrogenic and lactogenic substances were given in September 1934 
and in Januarj 1935, but no secretion was produced The third course, noted above, was given 
in April 103o 

Five of the women who ivere given only lactogenic substance had no 
secietion A Negro with gynecomastia and a Negress who had hypei- 
thyroidisin received both estrogenic substance and lactogenic substance, 
but neithei showed any evidence of mammar}'^ secietion (tables 1 to 3) 
This IS a small series, but the lesults indicate that the injection of 
lactogenic substance may cause mammary secretion in nonpregnant 
women when they have been pieviously stimulated with estrogenic 
substance In the three cases in which secretion was noted (table 1) 
from 3,000 to 3,500 rat units of estiogenic substance (fiom 24,000 to 
28,000 international units) was administered In each instance estro- 
genic substance was given mtiamuscularly before the menstrual period, 

II Drs J F Anderson and J A Morrell, of E R Squibb &. Sons, supplied 
the estrogenic substance (amniotin) and the lactogenic substance (prolactin) use 
in these studies 
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CONCLUSIONS 

Bilateial lesection of the splanchnic neives was peifoimed on a 
patient with seveie diabetes Obsei\ations on the gastiic motor 
mechanism levealed that after bilateial resection of the splanchnic nerves 
there ensued (1) hypermotility of the empty stomach as observed by 
the balloon method, (2) an augmentation of gastiic tonus, (3) an 
increase m the amplitude of conti actions, and (4) no untoward gastro- 
intestinal symptoms 
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and the injections were discontinued during menstruation Injections 
of lactogenic substance were started the day after menstruation ceased 
and were given intramuscularly within a week, the amount given rang- 
ing from 600 to 1,120 rat units at the time secretion appeared 

The appearance of secretion was preceded by a feeling of engorge- 
ment and heaviness of the breasts and accompanied by an increase in 
their size The secretion was creamy white and in no case lasted longer 
than three days No more than 10 or 12 drops could be expressed from 
the nipple at any time In two cases 'secretion was obtained from both 
hi easts, and in the thud case, from the left breast only Secietion ceased 
spontaneously in all cases Cessation of the secretion occurred in two 
cases even when lactogenic substance was administered after the secre- 
tion appeared and the nipples were stimulated by the patient In one 



Fig 3 (case 1, table 1) — Photomicrograph of mammary secretion obtained after 
the patient had received 3,500 rat units of estrogenic substance, followed four days 
later by 800 bird units of lactogenic substance (160 bird units once daily for five 
days) 

case the breast pump was used, but the period of secretion was not 
prolonged In this case two courses of injections of lactogenic sub- 
stance similai to those given in the thud course had been administered 
seven and four months before without lesulting m the appearance of 
secretion 

Microscopically (fig 3) the secretion in all the cases resembled 
colostrum, fatty droplets and desquamated cells being found In case 1 
(table 1 ) a biopsy was performed on the third day after the appearance 
of the secretion, and another biopsy of tissue from the opposite breast 
was made eleven days after the secretion first appeared Microscopic 
examination of the tissue revealed hypertrophy and an increase m 
the number of cells lining the lactiferous tubules and an inciease in the 
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crop of the pigeon as a method of bio-assa)'^ opened new fields foi the 
investigation of the physiolog)^ and pathology of lactation in human 
beings 

Kuiziok and his associates” have reported on the clinical use of 
lactogenic substance in thiity-seven women who had been delivered of 
normal cLildien Twenty-nine of these women were thought to have 
insufficient milk Twenty-one of these showed an increase m the amount 
of milk after the sixth day post partum, when from 75 to 400 birds units 
of lactogenic substance was injected intramuscularly In four of the 
eight remaining women only a moderate response was noted, and m 
four no response was observed In eight normal women in whom the 
secretion was normal, no response was noted after the use of the lacto- 
genic substance 

Werner® gave injections of lactogenic substance (200 bird units 
daily for from four to fourteen days) to ten castrated women, ranging 
in age from 21 to 35 years The breasts were prepared by injections of 
estrogenic substance to which was added the gonadotropic factoi from 
the urine of pregnant women or progestin in eight cases All noted 
enlargement or engorgement of the breast which might be legarded as 
suggesting the onset of lactation Lactation did not occur, ho\\evei, in 
any case Anaphylactic reactions were noted m three 

In an experimental study in which an attempt was made to reproduce 
cystic disease and benign tumors of the breast (Geschickter, Lewis and 
Hartman®) injections of estiogemc substance followed by injections of 
lactogenic substance were given to four male monkeys and one female 
monkey Secretion occurred m the female but not in the males (fig 1) 
The female was an adult menstruating macacus and had received 500 
units of estrogenic substance followed by the injection of 400 units 
of lactogenic substance over a period of five days 

Allen, Gardner and Diddle were able to produce lactation in five 
mature female monkeys by injecting lactogenic substance Two of these 
animals had had previous injections of estrogenic substance 

7 Kurzrok, R , Bates, R W , Riddle, O , and Miller, E G , Jr The Clinical 
Use of RrolaeUn, Endocrinology 18 18, 1934 

8 Werner, A A Experiment to Produce Lactation in Castrate Women, 
Endocrinology 19 144, 1935 

9 Geschickter, C F , Lewis, D , and Hartman C G Tumors of the Breast 
Related to the Oestrm Hormone, Am J Cancer 21 828, 1934 

10 Allen, E , Gardner, W U, and Diddle, A W Experiments with TheUn 
^id Galactin on Growth and Function of the klammar\ Glands of the Monke\, 
Endocrmolog\ 19 305, 1935 
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amount of periductal connective tissue Both these changes (on the 
basis of work previously reported) may be interpreted as response to 
estrogenic substance In addition, maturation and secretory activity in 
the epithelium of the lobules, accumulated secretion and desquamated 
cells within the lumens were noted These changes, together with the 



Fig 5 (case 3, table 2) — Photomicrograph of a specimen obtained for biopsy 
after the injection of 5,500 rat units of estrogenic substance The tissue was 
removed in conjunction with an exploration for dilated ducts beneath the nipple 
Note the hypertrophy and dilatation of the terminal tubules and the periductal 
hyperplasia Secretion is seen in the lumen 

loose, edematous appearance of the periductal tissue, were interpreted 
as having been caused by the injections of lactogenic substance They 
were noted in both biopsy specimens, although there had been no demon- 
strable secretory activity for eight daj^s preceding the last biopsy These 
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- liotomicrognphs of specimens from the brenst of a nnle monkc\ 
1 C siNti dn\ ( 1) on the t\\ cnt\ -third di\ (/?) nfter a course of ten 
jee ions o nctogenic substance gnen twice daih for a period of fi\e daas 
prexiousK subjected to experimental gMiecomastia ba 
cc ions o __ rat units of estrogenic substance o\er a period of six weeks 
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The lactogemc substance m these cases was given m small amounts 
(40 to 320 bird units), except m two cases In the case in which 5,000 
rat units of estrogenic substance and 720 bird units of lactogenic sub- 
stance were given (case 2 table 2) the lactogenic substance was 
administered on’y ever} third day over a period of seventeen days, and 
an interval of thiee weeks elapsed between the last injection of estrogenic 
substance and the first injection of lactogenic substance In the case 
in which 320 bird units of lactogenic substance ivas given (case 3, 
table 2) the lactogenic substance was given at the same time as the 
estrogenic substance A biopsy -was made before and after the injec- 
tions Microscopically some evidences of secretory activity were noted 
In case 6 (table 3) no secretion was observed, although 2,000 rat units 
of estrogenic substance and then 780 bird units of lactogenic substance 
Nvere given 

In the patienL with gi neconiastia a blood test showed the presence 
of the estrogenic substance, and a biopsy was made before and after the 
injections This patient received 200 bird units of lactogenic substance 
betw'een April 18 and April 25, 1,000 rat units of estrogenic sub- 
stance on April 25 and 320 bird units of lactogenic substance between 
April 26 and May 26 The breast became enlarged and tense, but no 
secretion w'as noted (figs 7 and 8) 

Rather large doses of lactogenic substance (320 to 740 bird units) 
were given to women during the menstrual cycle, rvhen supposedly nor- 
mal amounts of estrogenic substance should be present, but no mammary 
secretion w^as noted Five women had noimal menstrual cycles, and 
injections of lactogenic substance were made on successive periods of 
seventeen, seven and foui days, respectively In case 1 a biopsy was 
made before and after the course of injections (fig 9) 

Although true functional lactation ivas not obseived, the secretory 
activity obtained wuth estrogenic and lactogenic substances indicates that 
lactogenic substance lepiesents the hormone of the anterior lobe of the 
pituitary body which stimulates human mammar} secretion This is also 
suggested by bio-assays of fluid obtained fiom blue dome cysts m 
patients with chronic cystic mastitis In many cases of cystic mastitis 
a substance may be found which wdien injected into pigeons produces 
a typical response in the crop This response is identical with that 
obtained after injections of lactogenic substance w'hich has been pre- 
paied fiom beef pituitary glands (beef pituitary glands were the source 
of the lactogenic substance used in the investigations forming the basis 
of this report) Further evidence is supplied by the results obtained by 
Kurziok,' wdnch show^ed an mciease in the lactation of women post 
partum in response to injections of lactogenic substance The failure 
of Werner® to secure secretion m his series of castrated women was 
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T\ble 2 — Adiutiustratwii of Estioeiinic and Laclopiitic Substaiucs If ithout 
the Pioduction of IIaminai\ Siciction 


Fstrogmic Lactogenic 

Substance Suh-tance 




Age 

Previous 

r 

Do.c, 

Kat 

Totil' 

Rat 

Do^t 

Bird 

Total 

Bird 

Case 

Patient 

Tears 

Pregnanev 

Diagnosis 

Lnits 

tnits- 

Lnits 

knit' 

1 

M T* 

ss 

^one 

Pibro adenoma 

-00 

:oo 

20 tiTiee 
daily for 

5 days 

200 

O 

,T Df 

13 

Tone 

A irgmal 
h\ pcrttopliv 

1 000 weekh 
tor -> wks 

00-1 

120 every 

Sd day 

720 

O 

P Pt 

42 

1 (T vrs ) 

Dilated ducts 
beneath nipple 

"00 dnilv 
for 7 davs 

2 TOO 

50 twice 
daily for 

4 days 

320 

4 

D B 

S5 

Tone 

Virginal 

hvpertropliy 

700 twice 
monthly 
for o ino' 

3 000 

40 once 

40 

5 

M T 

S5 

Tone 

Pibro idenoma 

1,000 once 

1,000 

GO d lily 
for 5 davs 

5C0 

c 

JI J 


1 (7 f rs ) 

A'irginal 
ha pertrophv 

1 COO twice 

2,000 

CO dalle 
tor ls> davs 

7i0 

7 

M 'W* 
male 

IS 


Gtnecoinastia 

1 000 once 

1 COO 

20 twice 520 

daily for 3 
d We prior 
to injection 
of estrogenic 
substance 

40 daily tor 

S days ifter 
injection of 
estrogenic 
substance 

s 

L B 

2o 

2 (7 and 

0 \rs ) 

Hyper 

tharoidism 

500 daily 
for 6 d ivs 

3000 

SO teviee 

160 


* A. specimen vras obtamed for biopsv 

f Three weeLs elapied after the last injection of estrogenic substance and the first injection 
of lactogenic substance 

t This patient had a previous course of injections of estrogenic 'ubst ince one month prior 
to the mjcctions of estrogenic and of lactogenic substance nhicli ivere giaeu simult ineouslv 
A biopsy -was made before the cour-e of these combmed injections ind mother biop-v 
afterward 


Table 3 Adiiwiistratwn of Lactoqunc Substance JEifhout the Production 
of Maininari Secretion 


Lactogcnie Sulist mce 


Patient 

Age 

Previous 


Do^e 

Total 

Ttars 

Pregnnnciee 

Diagnoeis 

Bird Units 

Bird Units 

C S* 

40 


Pibro adenomatous 

GO or 40 once 
daily for 17 day 

740 

E E t 

34 

1 

Cvetic disease of 
breast 

SO twice daily 
for 7 dave 

420 

A S{ 

So 

3 

Adenosis 

SO daily for 

4 days 

S20 

I 1 

2o 

Tone 

Adenosis 

SO daily for 

S days 

C40 

x< s 

21 

Tone 

Virginal hvper 
trophy 

SO daily for 

G daye 

4'0 


• V specimen was taben for biopsy 
1 An anaphe lactic reaction was ob erred 

unit's bemg^E,ycn‘'we^uf(''’to\aTofl^ 
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Fig 8~A, a specimen taken for biopsy before the injection of 
substance, B, after the injections, m the Negro shoivn in figure 7 


m 


lactogenic 
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also in the milk mixed with colostrum from lactating cows within the 
first two weeks of calving Whole milk obtained at varying periods 
after an interval of two weeks after calving, however, showed no lacto- 
genic substance Perhaps the lactogenic substance present in colostrum 
may pla}^ a part in the formation of the witch’s milk of nursing infants 
Howevei, it is apparent that lactogenic substance alone or in com- 
bination with estrogenic substance does not produce true lactation 
Lactogenic substance is not peculiar to lactating animals or to females, 
since the pituitar}'’ glands obtained from castrated bulls (ordinary beef 
pituitary glands) are a potent source of this hormone Turner® has 
been able to demonstrate traces of lactogenic substance in the blood 
and urine of nonlactating cows Both estrogenic substance and lacto- 
genic substance can be demonstiated in the breasts of human females 
with chronic C3fstic mastitis, which is particularly frequent m childless 
women The role which these hoimones ma}' plaj^ m the causation of 
cystic disease is discussed subsequently 

The fact that mammary secretion was stimulated by injections of 
estrogenic and of lactogenic substance m the three cases listed in table 1 
does not indicate that these two hormones alone are sufficient for lacta- 
tion or the secretion of colostrum In all three of the patients the 
breasts were under the influence also of piogestin a hormone fiom the 
corpus luteum These patients had the form of chronic cystic mastitis 
which we have termed adenosis, in which the breast is under the 
influence of increased stimulation by progestin This is manifested 
pathologicall) by proliferation of acinar elements and minute papillomas, 
which is characteristic of all cases of adenosis The administration of 
estrogenic and lactogenic substances in these cases appaiently completes 
the physiologic cycle and causes mammary secretion 

These studies therefore suggest that both estrogenic substance 
and progestin are essential in the prepaiation of the human breast 
before an adequate lesponse to lactogenic substance can occur It is 
to be noted, however, that lactogenic substance was not effective when 
given simultaneously with estiogenic substance 

There is additional evidence for concluding that large amounts of 
both hormones when present simultaneouslj’^ maj^ be antagonistic in then 
influence on the breast In treating women with blue dome cysts of 
the breast or with galactorrhea which has been present foi years it has 
been found that the administration of laige doses of estiogenic substance 
(1,000 rat units administeied every othei day for a period of two weeks) 
will inhibit the secretory activity of the breast and m some instances 
will cause the disappeaiance of the palpable cyst Moreover, in assaying 

“T 3 Lewis, D, and Geschickter, C F Oianan Hormones in Relation to 
Chronic Cvstic Mastitis, Am J Surg 24 280, 1934 
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changes were noted also in case 3 (table 2) aftei injections of estro- 
genic and lactogenic substances, although there had been no evidence of 
mammary secietion and no milk could be expressed from the nipple 
(figs 5 and 6) 

True lactating acini weie not obseived, although serial sections were 
made Evidences of secietory activity seemed to be confined to the 
terminal tubules of the ludimentaiy acini, which weie dilated and widely 
sepal ated by the edematous periductal connective tissue It is possible 
that scattered functioning acini weie responsible for the secretion but 
were not included in the tissue lemoved for biopsy 



F>g 6 (case 3, table 2) — Photomicrograph of tissue obtained for a second 
biopsy, approximately six weeks after the tissue shown in figure 5 was removed 
During the five preceding days the patient had had daily injections which con- 
stituted a total dose of 2,500 units of estrogenic substance and 320 bird units 
of lactogenic substance 


Large doses of estiogenic substance vith smaller doses of lactogenic 
substance oi lactogenic substance given weeks after estrogenic substance 
had been administered failed to produce definite gross secretion In 
tlie group of cases in which estrogenic substance m amounts varying 
from 500 to 5 000 rat units (4 000 to 40 000 international units) was 
gncn mtiamuscularlv tbeie were six females tvho tvere known to have 
conditions of the breast of the t 5 'pe associated wuth an increased amount 
o the estrogenic principle (fibro-adenoma , virginal Itypertrophv) 
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in some cases by the use of estrogenic substance alone, judging by the 
twenty patients tieated with estrogenic substance only In the patients 
who leceived estrogenic plus lactogenic substance the results noted 
fiom SIX to eighteen months aftei the cessation of tlierapy weie more 
striking than those m the patients Avho leceived estrogenic substance 
only 



Fig 10 — Photomicrograph showing epithelial hvpertrophj, c>st formation and 
secretion in a case of c\ stic disease of the breast The pathologic process resembles 
pseudolactation with colostrum formation 


On the basis of results obtained thus far, large doses of estrogenic 
substance alone are worthy of tiial to control the formation of cysts 
in patients with cystic disease of the breast, and the administration of 
estrogenic substance plus lactogenic substance is indicated in cases of 


adenosis 
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probably clue to depletion of the estrogenic substance in the tissues 
Judging from the results obtained for castrated rats, far more estrogenic 
substance (about fifteen times as much) is needed to prepare the hreast 
for lactogenic substance m castrated women than m noncastrated women 
The maximum dose used by Werner was 13,200 rat units The dose 
calculated on the basis of the present series for castrated women ism the 
neighborhood of 45,000 or 50,000 rat units Moreover, m these women 
there is a similar depletion of progestin, which probably is not com- 
pensated for by the small injections given in two cases m Weiner’s 
series 



7 — This Negro with gynecomastia received a course of injections con- 
sisting of 200 bird units of lactogenic substance for a period of five days, 1,000 rat 
i nits of estrogenic substance on the sixth day and 320 bird units of lactogenic 
substance during the next fifteen dajs 

Lactogenic substance can be demonstrated both m the mammary 
tissue and in the colostrum of normal lactatmg cows M^e have assayed 
the uddeis of lactatmg cows m thiee instances Two of the animals 
weie killed ten da}s and one was killed tvo da}s after the last milking 
In all three instances the extract prepared from udder tissue showed 
the presence of lactogenic substance when tested on the crops of pigeons 
We have been able to demonstiate the presence of lactogenic substance 

12 Dr ind !Mrs George O Ge\, of this laboratorr, cooperated in the extrac- 
tion of udders and colostrum for lactogenic substance 
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BIO-ASSAY rOR LACTOGONIC SUBSTANCE IN CASES OF CYSTIC 
DISEASE OF THE BREAST 

regard to cystjc disease of the breast, which is a relatively 
common condition m childless women approaching the menopause, a 
serous or milky discharge was observed in 3 per cent of a senes of 
five hundred patients studied m this laboratory The content of such 
cysts at operation or aspiration usually reveals a cloudy or milkhke fluid 
Micioscopic examination of the excised mammary tissue surrounding 
the blue dome cyst shows pathologic changes which may closely simulate 
physiologic lactation (fig 10) 

Because of these findings we have assayed cyst fluid and mammary 
tissue obtained fiom patients with cj^stic disease and have found that 
they contain estrogenic and lactogenic substances (table 4) These assays 
show that the cloud}'’ milkhke fluid way contain high concentrations 
of these substances (lactogenic substance up to 2,000 bird units per liter 
and estrogenic substance up to 6,000 rat units per kilogram, fig 11) 
The fluid from a single cyst, however, with one exception has not been 
found to contain both hormones In view of the fact that a similar 
milkhke secretion can be obtained by the injection of estrogenic sub- 
stance and lactogenic substance m menstruating women, it seems 
reasonable to conclude that these hormones are responsible for the 
pathologic secretion observed in cases of cystic disease 

We have assayed the mammary tissue of patients with cystic disease 
for lactogenic substance w ith positive results m one case In view of the 
fact that this hormone has been obtained by us from the mammary tissue 
of cows and that by bio-assays we have found estrogenic substance in 
the niammar)' tissue of four patients with cystic disease, it seems leason- 
able to conclude that the pathologic changes observed in the surrounding 
tissues as well as the secretory changes are the lesult of stimulation by 
the estrogenic and lactogenic hoimones (fig 12) 

SUMMARY 

A series of sixteen patients treated with intramusculai injections 
of estiogeniCtand lactogenic substances has been studied 

Mammary secretion was observed in three menstruating women for 
whom a clinical diagnosis of adenosis of the breast was made and each 
of whom received appioximately 3,500 units of estiogenic substance 
over a peiiod of a month, followed by injections of from 600 to 1,120 
bird units of lactogenic substance given within a week The secietion 
ceased within a period of three days and could not be prolonged bj 
fuither injections or by mechanical stimulation 

Histologic studies of tissue removed for biopsy were made before 
and after the injections of several cases The changes of true func- 
tional lactation were not observed histologically 
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hrLTst ^ tissue from i woman with fibro-adenonn of the 

one tnntifh'^i "'J'^'^tions of hctogeiiic subst mce Bab ops^ specimen obtained 
stane o ^ opposite breast after daih injections ot lactogenic sub- 

stance oeer a period of scNenteen daes, making a total of 740 bird units 
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The great difficult}' of keeping the totally decorticated animal in a 
state of suitable nutrition led us to suspect an intrinsic derangement of 
digestion It was observed that operations on the frontal lobe were 
followed by an especially high mortality rate occurring during the third 
and fourth postoperative wrecks Observation of the function of the 
stomachs of such animals by previously made fistulas appeared to point 
to a disturbance of gastric motility A thorough study of a “chronic” 
decorticated dog pointed toward evidence of deranged autonomic func- 
tion The piesent senes of observations represents an attempt to inves- 
tigate the phenomena of gastric motility after injuiy to cortical tissue 
of the frontal lobe by the use of the Cannon technic of direct visualiza- 
tion with the fluoroscope 

MATERIAL AND METHODS 

Because of the carefully estimated normal standards of Cannon the cat was 
chosen as the experimental animal After a variable period of preliminary obser- 
vation to assure oursehes that the functions of the cats chosen for the experiment 
fell within the limits of variations to be expected m a normal population, the 
animals were subjected to localized lesion of the cortex The case of the brain nas 
opened, the dura was incised and the cortical tissue was remored with a curet 
In order to be certain that the surgical procedure m itself wms not a factor m pro- 
ducing the results obtained, cortical tissue other than from the frontal lobe was 
removed in control animals As a check on the housing, feeding and incidentals 
as well as on the effect of repeated barium sulfate meals and exposure to roentgen 
rays, intact animals were also used as controls The examination of the animals 
operated on followed the procedure of Cannon for fluoroscopic -visualization of 
gastro-intestinal mo\ ements 

EXPERIMENTAL RESULTS 

As an examination of the graphs m figure 1 indicates, there wms an increase 
in intestinal activitj beginning shortly after the operation forremo\al of tissue from 


From the Department of Anatom>, University of Georgia College of Jfedicine 
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the fluid recovered by aspiration from untreated blue dome cysts it has 
been found that while either estrogenic or lactogenic substance may be 
present m high concentrations, the fluid from a single cyst has not been 
found to contain both hormones There was one exception, but in that 
case the content of estrogenic substance was high and concentration of 
lactogenic substance was low (table 4) 

The treatment of adenosis of the breast in the three cases listed m 
table 1 by the administration of estrogenic and lactogenic substances 


Table 4 — Assays of Tissue and Fluid ft out Patients with Cystic Disease of the 
Bieasf fot Lactogenic and Esitogcnic Substances 


Specimen 

Patient 

Hormone Assayed 

Result of Bio Assay 
Bird Units per Liter 

Cyst fluid* 

S R 

Lactogenic substance 

2 000 


L r 

Lactogenic substance 

720 


Bur 

Lactogenic substance 

0 


Jar 

Lactogenic substance 

250 


Car 

Lactogenic cubstance 

100 


Gar 

Lactogenic substance 

750 


Is W 

Lactogenic substance 

250 


Grom 

Lactogenic substance 

250 

Rat Units per Liter 

Cist fluidt 

B C i 

Estrogenic substance 

0,000 


Jar 

Estrogenic substance 

0 


Car 

Estrogenic substance 

2,000 


Gar 

Estrogenic substance 

0 


X W 

Estrogenic substance 0 

Rat Units per Kilogram 

■Maminnrj tissue 

N B 

Estrogenic substance 

6 000 


R C 

Estrogenic substance 

1,000 


P D 

E'trogenic substance 

200 


I D 

Estrogenic substance 

4 000 


Bro 

Estrogenic substance 

0 


A I 

Estrogenic substance 

0 


Bur 

Estrogenic substance 

0 


re'tcd bj the response m the crops of pigeons (Riddle test) 
t Tested bj vaginal smear in castrated rats ( Allen Doisy test) 
fho was remo\ed from ejsts of both breasts of this patient The milky fluid from 

iinwi contained G 000 rat units of cstogcnic substance per liter The yellow turbid 

nuiu :rom the left breast did not contain estrogenic substance 


resulted in the cure of two of the patients and marked improvement in 
the third for a period of more than a 3 'ear after the cessation of treat- 
ment The breasts were painful before menstruation and contained 
multiple indefinite nodules and usually one or more caked areas ThcA 
became less painful and lumpy after injections of estrogenic substance 
(1 000 lat units twice weekl)i) Patients uith this condition, who are 
usualh apprehensive and underweight and often have a palpable th) roid 
gland are markedlv benefited by treatment with estrogenic substance 
but there is difficulty m maintaining this marked clinical impro\ement 




Fig 2 — The stomach of animal 5 opened posteriorly, showing the areas of 
ulceration The ulcers are arranged chiefly on the lesser curvature The photo- 
micrographs shown in figures 3 and 4 are made from the triangle-shaped ulcer neai 
the middle of the lesser cur%ature 



Fig 3 — Photomicrograph of the ulcer mentioned in the legend of figure 2 
Lateral^, intact mucosa is obsened In the center, a tuft of necrotic tissue is 
surrounded by a circular depressed ditch External to the muscular coat is a some 
what thickened arterj 



Fig 11 — Photomicrograph of tissue from the wall of a blue dome ast The 
fluid from tlie cjst was assa\ed for lactogenic substance and contained 2,000 bird 
units per liter 




eace ^'’°'‘^'>''crograph of tissue remo\ed from a patient with c\stic dis- 

- o le roast Assaa for estrogenic substance showed 6,000 rat units per 
kilogram of tissue 
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intestinal activity Watts- recently reported similar observations 
Watts, in addition, concluded that extirpation of both premotor areas 
affects gastro-intestinal motility, but his presentation of experimental 
observations mentioned only stimulation Stimulation experiments are 
open to the criticism that the current may spread to the hypothalamus 
Watts apparently was relying for his evidence of the effect of extirpa- 
tion on the finding of intussusception in monkeys from which the pre- 
motor area had been ablated (Watts and Fulton ®) There can be no 
doubt of the value of the latter finding, which points strongly to the 
frontal lobe as important foi gastro-intestinal motor function The idea 
of neurogenic ulcers is of course not new, Keller,^ following the lead of 
the Cushing school, leported the experimental production of ulcers after 
injury to the biam stem In our animals, however, not only was there 
no injuiy to the hypothalamus, but injury of very small parts of the 
frontal lobe alone (fig l,no 4) was sufficient to cause ulceration (fig 2) 
It IS not unlikely that the mechanism of production of the phenom- 
ena desciibed in this paper is composed of an upper pathway from the 
cortex to the hjpothalamus (such as was described by one of us 
[F A M^] as existing m the ape), an intermediate pathway (such as was 
described by Beattie, Brow and Long® and Krieg®) and a terminal 
autonomic path 

Fiom our observations it would further appeal that ulceration is only 
one phase of a much moie extensive disturbance of the gastro-intestinal 
tract due to autonomic imbalance We have recentlj’' obtained evidence 
(in one dog) of a postoperative mciease in hydrochloric acid in the 
gastric juice and also of stasis It is interesting to speculate on the 
possible reaction of this stasis to the classic thrombotic central artery of 
a gastric ulcer 

SUMMAKY 

Localized lesion of the frontal cortex of the cat produces a tram of 
events which involves increased activity of the gasti o-intestinal tract, at 
first Avith increased and latei with deci eased pyloric tonus The tone of 
the cardia, the late of propagation of the gastric waves, the number of 
gastric waves piesent and the numbei of waves passing in the stomach 
per minute are also affected The relaxation of p3doiic tone is accom- 
panied by anoiexia and succeeded b)'- marasmus and death Ulcer-like 
erosions of the gasti ic mucosa are noted at autopsy in animals with 

2 Watts, J W The Influence of the Cerebral Cortex on Gastro-Intestinil 
Moiements, JAMA 104 355 (Feb 2) 1935 

3 Watts, J W , and Fulton, J F New England J Med 210 883, 1934 

4 Mettler, Fred A J Comp Neurol 61 509, 1935 

5 Beattie, J , Brow, G R , and Long, C N H Proc Roy Soc, London, 
s B 106 253, 1930 

6 Kneg, W J S J Comp Neurol 55 19, 1932 
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Bio-assa)s showed the presence of lactogenic substance in the tissue 
of udders from lactating cows and in the milk (mixed with colostrum) 
of lactating cows obtained within two weeks of calving It was con- 
cluded that high concentrations of estrogenic and lactogenic substances 
and of progestin are probably essential to noimal lactation in the human 
breast 

The resemblance between the secretory activity seen in patients with 
chronic cystic mastitis and that obtained in the patients treated in this 
series has been pointed out 

Bio-assays have demonstrated the presence of estrogenic and of 
lactogenic substance in the cyst fluid from patients with chronic cystic 
mastitis Bio-assays have also shown the presence of estrogenic sub- 
stance in mammar}' tissue removed from patients with chronic cystic 
mastitis 

It IS concluded that lactogenic and estrogenic substances play an 
etiologic role m the secretory activity and m the pathologic changes 
observed in patients with C3’^stic disease 

Dr Charles W Turner, of the Universitj of Missouri, checked the assays for 
lactogenic substances 



ACHOLIC CACHEXIA 

EXPERIMENTAL STUDIES 


ARTHUR D BISSELL, MD 

AND 

EDMURD ANDREWS, MD 

CHICAGO 

Acholic cachexia, or cachexia chohpiiva, ’s a condition of rapid 
emaciation teimmating fatally which results from complete external 
diainage of bile It is indeed astonishing that the prompt fatal outcome 
of this condition has been lecogni/ed onl} m recent years Wangen- 
steen’s ’ lecent revien of the older hteiature revealed a tiuly astonishing 
series of statements made bj^ ivany of the foiemost scholars of the last 
two generations and continuing up to the eail} 1920’s Such able clini- 
cians as Moynihan,- Muiphy,^ Cour\oisiei ,■* Robson, “ Deavei and 
Balfoui and Ross ' published comments on the appaient innocuousness 
of complete loss of bile All believed it vas harmless, although Balfoui 
commented on anemia v Inch usually appeared Bernays,® on clinical 
evidence, stated that “bile is almost if not entnely as much of a secre- 
tion as 111 me ” 

Howevei, since the decisive series of studies by Whiiiple and his 
co-workei s, the true conditions have been more clearl}^ undei stood One 

From the Department of Surgery, the UnnersiU of Chicago 

This work wis done under a grant from the Jesse Horton Koessler Fund 
of the Institute of Medicine 

1 Wangensteen, O H Complete External Bihan Eistula Potential Serious 
Postoperatne Complications, J A M A 93 1199 (Oct 19) 1929 

2 Mojnihan, Berklej Essajs on Surgical Subjects Acute Emergencies of 
Abdominal Disease, Philadelphia, W B Saunders Compini, 1921, p 144 

3 Murph), J B, quoted bj Ferguson, A H Chicago M Rec 9 155, 1895 

4 Courvoisier, L G Casuistisch-statistische Beitrage zur Pathologic und 
Chirurgie der Gallenwege, Leipzig, F C W Vogel, 1890, vol 12, p 293 

5 Robson, A W M Observations on the Secretion of Bile in a Case of 
Biliary Fistula, Proc Roy Soc London 47 499, 1890 

6 Deaver, J B , in discussion on Hcyd, C G Cholecystogastrostomy and 
Courvoisier Gallbladder, JAMA 77 339 (Julj 30) 1921 

7 Balfour, D C, and Ross, J W Postoperative Biliarv Fistulas, Arch 
Surg 3 582 (Nov) 1921 

8 Bernavs, AC A Successful Case of Ideal Cholecjstotomj, with Critical 
Remarks on the Patholog\ and the Different Operative Procedures Practiced on 
the System of Gall Vessels, Weekly M Rev, Chicago 12 350, 1885 



METTLER ET AL~G ASTRO-INTESTINAL FUNCTION 619 


the frontal lobe (operations 3, 4, 7, 8, fig 1 and protocols) When the cortical 
tissue situated posteriorly was removed (no 2 and 5, fig 1), a temporary over- 
activity was observed, but this soon passed awav After the operation there was a 
disturbance of the number of waves present in the stomach, the rate of propaga- 
tion of single waves and the number of wa\es passing per minute This distur- 
bance became more pronounced as time elapsed after the operation Beyond this 
aggravation with a lapse of time, no clear correlation of these minor irregularities 
IS apparent to us at present Nearly all the animals ate within one hour after the 
operation 

The emptying time of the stomach and the twenty-four hour and forty-eight 
hour clearance time are fairly constant in the normal animal Shortly after injury 
to the frontal lobe the emptying time of the stomach was increased This was due 
to increased resistance to the passage of food through the pylorus and not to 
gastric hypotonia, since the stomach could be seen to be contracting more vigorously 
against the resistance of the sphincter 



1 — Indu idual block graphs indicate the observations on cats with damaged 
cortical tissue The days after operation are indicated by figures across the top 
of the graphs The section showing intestinal oieractivity is based on the rate 
and amplitude of intestinal movements plus an estimation of the brevity of the 
intestiral segments The section showing pyloric overactivity is based on the time 
of passage of the barium into the small intestine and the total emptying time of 
stomach The section showing pyloric relaxation is based on obser\ations on 
ob\ious hjpotonus of the pjdorus and on the emptjing time of the stomach The 
section showing data on anorexia is based on the failure of the animal to eat the 
usual diet aohintarily The section on cardia relaxation is based on the obsena- 
lion that the barium w'ould regular!} ascend into the esophagus wdien the stomach 
contracted, when the animal’s moiements set up fluid wa\es or when there was 
mo crate pressure on the abdomen The section marked operatne schemata 
1 ustrates the extent of the cortex wdiich was remoied (black) These obsena- 
lons were aerified subsequent!} at autops} A resume of the operatne procedure 
cac 1 animal is gnen in the tabulation preceding the protocols 
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In the experimental laboratory, the lesults of establishing external 
drainage of bile apparently have always been conflicting to a surprising 
degree Beginning with Schwann and Bidder and Schmidt nearly 
one hundred years ago, the operation has usuall} given a fatal outcome in 
from twm to thiee months, and it is unnecessar}’^ to do more than men- 
tion the fact that a bibliography i mining into hundreds of items might 
be built up on this subject On the other hand, m 1882 Rohmann “ was 
able to keep such experimental animals m good health for long periods 
and, backed by rapidly increasing experience with clinical patients, the 
Mew' that a fatal outcome was suie and that lack of bile m the system 
was per se a cause of cachexia ne\er seemed to be firinlj established 
The reasons for this confusion may be summed up as follows They 
ha\e to do mostly with unexpected and unforeseeable technical points 
m expel nnental technic 

1 A fistuh that leaks bile on the dog’s abdominal wall is worthless, as the 
animals ma\ lick the fistula and thus get sufficient bile to thrne for an indefinite 
period Bile, e^en its own, is apparentlj quite a dehcac^ to the carnivorous animal 
It IS probablj the most higlih seasoned dish the an mal ev er encounters The 
tendencj of the carnivorous animal to eat the liver of its prej first is well known 
Even man mav acquire a craving for his own bile^^ j^Iain such cases have been 
leported, although more often the repulsion is great 

2 The thin-vv ailed choledochus in the laboratorv animal has an uncannj power 
of allowing a ligature to slough through while completeh reestablishing its lumen 
In the clinic we had long known that veins hav’e such potentialities, but that it is 
also true in the common duct of the dog was surprising We have repeated!} 
seen this happen in a few weeks following operation and, on opening the animals, 
have found to our astonishment that it vv'as even difficult to tell where the ligature 
had been placed It is neccssarv, therefore, to ligate the duct doublv with silk 
(not catgut) ligatures and to excise a considerable piece of it 

3 There are frequentlv abnormal ducts in animals These tend to he near 
the mam duct, but at times thev are at a considerable distance It is common 
in experiments to find that such ducts (which originalh must have been almost 
capillar} in size, since for a long period the stools remain free from bile) 
slovvl} hvpertrophv until a normal bile flow is reestablished This happens m 
experiments both in the case of jaundice and in the case of fistulas Among ten 
dogs in the series reported on here in wffiich an attempt was made to prolong 
survival, four had to be discarded after three months for this reason 

4 In long continued experiments with the bilian fistula ascending infection 
of the bile passage wuth resulting hepatitis or degenerative changes in the liver, is 
a complication the av oidance of which is exceedingly difficult As will be shovvm m 


12 Schvv'ann, T H Versuche um Auszumitteln ob die Galle im Organismus 
eiiie fur das Leben vv esentliche Rolle spielt. Arch f Anat u Ph} siol , 1884, p 127 

13 Bidder and Schmidt, quoted bv Rohmann 

14 Rohmann, F Beobachtungen an Hunden mit Gallenfistel, Arch f d ges 
Phjsiol 29 509, 1882 

15 Ross, S G A Stud} of Bile Secretion from a Case of Biliary histu , 
J Lab &. Clin Med 12 1067, 1927 
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After a greater or lesser time (depending on the seventy of the operation) the 
animal failed to eat voluntarily, and concomitantly with or shortly after the devel- 
opment of this stage of anorexia the tone of the cardiac sphincter was reduced, 
so that barium ascended into the esophagus on contraction of the stomach About 
this time, or soon after, the condition of increased pyloric tone gave way to a 
decrease in pyloric tone, which fell far below normal levels As a result, the 
emptving time of the stomach was reduced to a phenomenally short time (in some 
cases to as low as thirty minutes) Although gastric activity was somewhat 
decreased in this stage, the stomach was still active In the stage of anorexia and 
thereafter it was necessary to feed the animals forcibly, and th^ soon became 
emaciated and died after considerable loss of weight 

The stomach was seen to be hyperemic and to present petechial hemorrhages if 
the autopsy was performed within about tw'o weeks after operation The con- 



Tig 4 — Photomicrograph of the central raised area showm in figure 3 Note the 
ceiitr-il ^rter^ entering the mucosa It is seen to contain debris 


gcstion was most marked m the \iciiutv of the cardia The duodenum also some- 
times presented a similar picture of congestion At later periods ulceration rather 
than lupercmia was present The area of ulceration was most marked along the 
lesser cur\aturc and anterior surface of the stomach (fig 2) The ulcers were 
punched out and in cross-section (fig 3) show'ed a circular necrotic moat, in the 
center of which a somewhat raised tuft of tissue showed a central arter^ (fig 4), 
which could be seen to contain debris 


COMMENT 

That the cortex of the fiontal lobe seems to be capable of exerting 
an effect on sjasti o-mtcstmal actnity would appear from the work of 
Keller who stimulated this legion and obseraed changes m gastro- 

1 Kdler \ D . Hare K and D’^mour U C Proc Soc Exper Biol 
k Med 30 112 1933 
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occurred Infection of the liver was often not prevented but simpi/ 
delayed It makes an ideal method of collecting bile for short periods, especially 
when a two-way fistula is made and the bile returned to the duodenum when desired 

Cholecvstnephrostomy, as reported by Kapsinoiv, Engle and Harvey in 1924, w 
offers many advantages 1 he gallbladder is dissected free from the liver and after 
being opened is implanted into the right renal pelvis through an opening m the 
parench} ma The bile is then easily collected with the urine in a metabolism cage 
The drawback to this method is that complete epitheliation of the tract does not 
take place and consequently granulating surfaces may persist, as evidenced by pus 
in the mixed bile and urine While for manj purposes such a set-up is ideal, in 
our hands there was usually profound damage to the liver, and consequently none 
of our animals in wdiich this was done lu^ed as long as those with simple cannulas 
often do 

More recentlj Puestow =<> transplanted the section of the duodenum containing 
the ampulla of Abater on the anterior abdominal wall, with or without cholecjstec- 
tomj This procedure gives an ideal method of stud} mg the flow of bile under 
various conditions, and the dogs can be kept alive for indefinite periods if allowed 
to lick the fistulas For experiments of short duration this method is of grea*^ 
value, but for long ones it is very difficult to collect all the bile and the tendencv 
to lick the fistulas is verj great 

The apparatus recently dewsed b} Dragstedt and Ins co-workers tor the 
making of a pancreatic fistula was applied to the gallbladder with singular success 
The cannula is gold-plated metal with a small flange on the inner end to prevent its 
slipping out of the gallbladder and on the outer end a threaded tip On this was 
screwed a sharp spear so that it could be thrust through the abdominal wall, thus 
assuring a tight fit and prev'enting the necessity of bringing it out through the 
operative wound The spear tip was then unscrewed and (fig 1) a metal exten- 
sion screwed on, to which could be attached a football bladder for collection For 
use in the gallbladder this was modified slightly, making it longer to permit the 
necessary access to the dog’s rather deeplj placed gallbladder and allowing for 
the ample respiratory excursion of this viscus in the dog The part intervening 
between the edge of the gallbladder and the abdominal wall was wrapped in 
omentum The inner flanged end was inserted into the gallbladder through as 
small a hole as possible without inverting the edges and simply tied in place 
This apparatus has the disadvantage of not entirely doing away with the action 
of the gallbladder in concentrating the bile, but as the opening is large and 
gravity favors rapid drainage, it is evident that the bile never remains in the 
gallbladder for a very long period This point may be confirmed by reference to 
the tables, m which it can be seen at once that the anahsis showed that the bile 
was from the liver and did not partake of the character of that from the bladder 
It IS true, however that the secretion of the gallbladder is mixed with the bde, 
even if the bile does not sta> in the viscus long enough to undergo any significant 
concentration Our success with this tv'pe of fistula has been gratifying It has 
been used m over thirty dogs Nearly 1,500 specimens of bile have been thus 

19 Kapsinow, R , Engle, L P , and Harvey, S C Intra-Abdominal Biliar> 
Exclusion from the Intestines Cbolec>sto-Nephrostomy, a New klethod, Surg, 
Gynec & Obst 39 65, 1924 

20 Puestow, C B The Discharge of Bile into the Duodenum, Arch burg 

23 1013 (Dec) 1931 , ^ , 

21 Dragstedt, L R , Haymond, H E, and Ellis, J C Cannula Gastrostomy 

and Enterostomy, Surg , Gynec & Obst 56 799, 1933 
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long-standing injuiy, and hypeiemia and congestion are to be expected 
in animals with inoie recent damage 


PROTOCOLS 

A brief lesuine of the various procedures carried out on each animal 
IS given m the following tabulation 


Operation 

^o 

2 

3 

4 


7 

S 


•IniiTin] 

No Operation 

4 Bilateral reinornl ol the occipital lobe and partial rcmotal of the 
parietal lobe 

7 Removal of the left frontal lobe 
o Bilateral legion of the frontal lobe 

6 Removal of the left parietal occipital and temporal lobes 

3 >one 

7 Removal ol the right frontal lobe 

G Rcmo^al of the left frontal lobe 


Animal 3 (female) — An operation was not performed (observations do not 
appear in figure 1) The animal was kept under conditions identical with those 
of the other laboratorj animals and was repeatedh subjected to feedings of a 
barium meal and to fluoroscopic examination Tlicre was no deiiation from normal 
variations 

Animal 4 (male , bilateral removal of the occipital lobe and jNirtial removal of 
the parietal lobe [fig 1, no 2]) — Slight deviation from normal variations occurred 
shortly after the operation There was a transitorv loss of appetite on the fifteenth 
day The animal died about two months after the operation of an unknown cause 
Tlve stomach showed some hiperemia in the dependent portion 

Animal 5 (male, bilateral ablation of the frontal pole [fig 1, no 4]) — Tins 
animal early showed intestinal overactivity and shortlj afterward gave evidence of 
hjpertonus of the pyloric sphincter Nineteen davs after the operation anorexia 
appeared (forced feeding then being instituted) and was succeeded by pyloric 
relaxation and relaxation of the cardia The animal was killed on the twentj- 
fourth day The stomach showed ulcer-hke erosions 

Anixial 6 (female, two operations ablation of the left occipital, parietal 
and temporal lobes [fig 1, no 5[ and seven days later removal of the left frontal 
lobe [fig 1, no 8] ) — Early after the first operation intestinal and pyloric over- 
activity manifested themselves At the beginning of the fourth postoperativ e day, 
however, no deviation from normal was apparent Following the second operation 
the intestinal and pyloric o\ eractivity continued for ten postoperative da) s 
Anorexia appeared on the seventh daj, and forced feeding was instituted Relaxa- 
tion of the cardia appeared on the eighth day and pyloric relaxation on the tenth, 
and the animal died on the eleventh daj At autopsy the stomach was red and 
hemor'-hagic and presented small ulcerated areas 

Animai 7 (female, two operations ablation of the left frontal lobe [fig 1, 
no 3] and, seven dajs later, removal of the right frontal lobe [fig 1, no 7]) — 
Carlv after the first operation and during the first two postoperative days intestinal 
overactivity was observed No further observations were made on this point, and, 
no other deviations being observed, the animal was again operated on seven 
da>s later Following the second operation the animal would not eat spontaneous!), 
an relaxation of the cardia was observed during the first postoperative da) 

) one overactivity was present at the end of the first day, and at the end of the 
P'loric relaxation occurred The animal died on the fourth postoperativ'e 
av he stomach was hvperemic and was ulcerated near the cardia The antrum 
was apparentlv normal The duodenum showed numerous small hyperemic spots 



630 


ARCHU'ES or SURGERl 


was attained in all dogs reported on Feedings were begun the dav after operation, 
but usually all the food offered was not consumed until seven or eight da^s after 
operation During the rest of the periods of observation all the food w'as imme- 
diately and avidlj consumed 

The diet consisted of 250 Gm of lean gieat and 200 Gm of bread The meat 
was cooked and then ground W'lth the bread into a homogeneous paste, with tlie 
addition of about 500 cc of w'ater per ration Drinking water was supplied ad 
libitum One daj a week the dogs were gwen onlj water Aliquot samples 
of each batch of meat were taken for determination of cholesterol It w'as found 
that the cholesterol content of the bread was constant, and therefore each loaf w^as 
not tested The portions W'ere weighed each daj in order that the total w'eight 
of the food consumed might be calculated and, from this, the cholesterol content 
in the diet On this diet the stools were generally formed As seen in tables 
1 to 4, the dogs were put on a diet of raw' meat in the latter portion of the period 
of their survml Under this regimen attacks of diarrhea occurred, and to control 
this complication bone ash was occasionall 3 added to the diet 

For the various analvses samples of blood, 30 cc each, w'ere needed, and about 
twentj W’ere taken o\er periods of from four to fi\e months — not an insig- 
nificant total quantit\ in relation to the onset of anemia In the earh stages 
such samples w’ere taken e\er\ four dajs, but later these periods were lengthened 
to eight da)'S and then to sixteen dais, or eien longer Determinations of blood 
cholesterol were made bj the original Bloor method-- Tests for fragility were 
made by the Sanford method , for blood fats bi the Bloor method, and for 
free and bound calcium bj Clark and Collip’s modification of the Kramer and 
Tisdall method The red blood cell counts were made with an ordinan pipet 
and the hemoglobin estimations bj the Sahli scale 

The bile was collected from the bags dailj It was found unnecessarv to use 
precaution to insure sterihtj The specimens were put into 2 volumes of alcohol 
for preservation and pooled for anahsis for periods, as showm in the tables In 
each instance the football bladder w'as w'ashed dailj, as was the canias bag m 
w'hich It was slung about the dog’s abdomen The bile w’as measured daily and 
the anaij'sis for bile salts and cholesterol made bi a method preiiouslj reported 
by Andrews and Hrdina The acid content of the bile was estimated b 3 the 
ammonitrogen method of Schmidt and Dart -® and expressed as gh cochohe acid 

22 Bloor, \V R The Determination of Cholesterol in Blood, J Biol Cliem 
24 227, 1916 

23 Todd, J C, and Sanford, A H Clinical Diagnosis by Laboratorj 
Methods, ed 7, Philadelphia, W B Saunders Company, 1931 

24 Bloor, W R Pelkan, K F, and Allen. D kl Determination of Fath 
Acids in Small Amounts of Blood Plasma, J Biol Chem 52 191, 1922 

25 Clark, E P , and Colhp, J B A Study of the Tisdall Method of Deter- 
mination of Calcium of Blood Serum with a Suggested Modification, J Biol 
Chem 63 461, 1925 

26 Kramer, B , and Tisdall, F F A Simple Technic for the Determination 
of Calcium and Magnesium m Small Amounts of Blood Serum, J Biol Chem 

48 339, 1921 . „ , r. i 

27 Andrews, E, and Hrdina, Leo A Method for Estimation of Both Bile 

Salts and Cholesterol in Small Amounts of Bile, Proc Soc Exper Biol & kfed 
29 1102 1932 

28 Schmidt, L W , and Dart, A E Estimations of Bile Acids in the Bile, 

J Biol Chem 45 145, 1920 
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of their man} significant contributions \\as the establishment of the fact 
that although complete external bihar\ drainage ^^as m\ariabh rapidh 
fatal it took but minimum amounts of bile administered b} mouth or 
leaking into the intestine through an incomplete!} occluded choledochus 
to maintain animals m perfect health for many \ears " This amount for 
the dog IS distinctl} under 5 cc per da^ per kilogram of bod\ \\ eight 
In man it has neier been accurateh determined but is probabh of the 
same order of magnitude 

With these points m \ leu one can e\ aluate more cleai ly the exceed- 
ingly contradictor} cMdence both fiom tlie clinic and from the experi- 
mental laboratory From a clinical standpoint, one can see at once that 
most of the biliar} fistulas which were studied originated m stones and 
strictures of the ducts and hence were as all clinicians well know, in- 
complete In the earlier da\ s of surger} cholec} stostom} w as a common 
operation Quite natural!} m cases m which the patenc} ot the common 
duct was not assured at the operation permanent fistulas resulted but 
that many of these were complete and not partial or e\en intermittent 
seems doubtful from the present knowledge On the other hand it is 
quite well known to surgeons todar that disastrous results follow the 
establishment of an external biliar} fistula m cases of obstruction ot the 
common duct due to carcinoma Formerl} this was frequently done with 
intent to relie\e the jaundice or, as I hare heard it expressed “to let the 
poisonous bile out ot the srstein ” Toda} eren the student of medicine 
know's that with such external drainage ot bile the patient alread} 
emaciated from starration and cancerous cachexia seldom siirrnes for 
even a month Substituting a complete external biliar} fistula in a case 
of jaundice m order to reliere toxemia has no scientific basis To our 
knowledge the dogs which sunned the longest with complete fistulas 
are the two months old which are reported on in this paper On 
the other hand Dostal and Andrew s’^'* maintained a dog alne for six- 
teen months with complete jaundice iNIost dogs with complete biliar} 
fistulas Ine less than two months while most with complete jaundice 
sumve for about six ^Ic\Vhorter m some studies on choledochus 
cysts called attention to the fact that intermittent and serere jaundice, 
which IS associated with them is not incompatible with long surriral 
while all patients twenty-two m number, in whose cases external drain- 
age was done died 

9 Queen, F B Havskins, W B , and }\ hippie, G H Splenectoitw m Bile 
Fistula Dogs, J Exper 2iled 57 399, 1933 

ID ^ 'Andrews, E Sixteen Months’ Sunnal with Complete 

Bilian Obstruction in a Dog Proc Soc Exper Biol S. IMed 29 547, 1929 

11 Mc}Miorter G I Congenital C^stlc Dilatation of the Common Bile Duct 
Arch Surg 8 604 (March) 1924 
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our results, we have reason to believe that manv of the previoush reported phe- 
nomena usually associated with acholic cachevia are more readih explicable as 
manifestations of damage to the liver 


METHODS 

It IS quite clear, therefore, that the tvpe of experimental preparation used is 
an important, if not the most important, factor in the studj of bilnry cachexia 
For these reasons it is necessarj to review the various experimental set-ups 
used and to comment on their relative value in experiments planned for various 
purposes The objects to be sought are to avoid ascending infection, to prevent 
damage to the liver and to proiide for collection of bile The simple cholecys- 
tostomy with ligation of the common duct has inanj drawbacks The gallbladder 
of the dog IS not sufficientK long to reach the skin, and therefore complete 
epithehalization of the tract is impossible It usually pulls auav, and the gap 
becomes a tract lined bj granulation tissue which not onlv contaminates the bile 
for analysis but causes infection Collection of all the bile from such a fistula soon 
becomes impossible, and leakage about a tube in the gallbladder usually occurs 
The odor and taste of this soon stirs up the dog to attempt to lick or eat lus own 
bile, thus defeating the purpose of the experiment A plaster collar to prevent 
the dog’s reaching the fistula is only partially successful 

Furthermore, m this tvpe of fistula the gallbladder tends to retract from the 
skin, and the resulting sinus, although it may be kept patent bj the pressure of 
the bile, becomes v^erj narrow The result is that the gallbladder remains full 
of bile and overflows only under pressure Thus the bile is constantly subjected to 
the concentrating action of the mucosa of the gallbladder and in composition 
resembles bile from the bladder much more than bile from the liver 

The insertion of a tube into the common duct with or without accompanying 
cholecystectomi is a marked advance Even with this method ascending infection 
IS common, and in our experience there has alvvavs been the great drawback 
that after weeks or months the cannula is v'ery likely to slip out In experiments 
intended to last until death from acholic cachexia takes place such a set-up 
usuallj results in disappointment at a critical time — the rapid terminal collapse of 
the animal In 1923 Rous and McMaster^® reported a method which seemed to 
overcome many of these difficulties They avoided ascending infection from *he 
outside by using a much longer tube than was necessary simpl> to reach the skin, 
the extra coils of which were allowed to lie within the abdomen Thus the liver 
was placed at a much greater distance from the skin, and hepatitis did not take 
place Furthermore the long coils did not favor the pulling out of the tube from 
its insertion into the duct bv accidental trauma While some workers found 
that tins type of fistula gives very good results, others encountered great technical 
difficulties 18 In our experience the preparation usually did not last long enough to 
enable us to follow a dog through until death After a fevv weeks the tubes tended 
to become clogged with deposits of pigment and calcium, and periods of jaundice 

16 Rous, P , and Mc^Master, P D A Method for Permanent Sterile Dram- 
age of Intra-Abdominal Ducts as Applied to a Common Duct, J Exper Med 37 
11, 1923 

17 Elman, R , and Hartmann, H F Spontaneous Peptic Ulcers of Duodenum 
^nbnued Loss of Total Pancreatic Juice, Arch Surg 23 1030 (Dec ) 1931 

TV Andrews, E Etiology of Gallstones HI Effect of 

Diet on Bile Salt-Cholesterol Ratio, Arch Surg 26 258 (Feb ) 1933 
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collected, and the number of lost specimens is under 1 per cent In a few cases 
there was deposit of biliar> concretions on the tube to such an extent as to 
obstruct it partially, but with the knowledge of exactly how long the tube was. 
It was a very simple matter to insert a probe and scrape this deposit out without 
damaging the gallbladder When obstructed, a few drops of bile may appear 
about the tube, or the appearance of slight jaundice gives warning The football 
bladder is slung about the dog’s abdomen in a linen bag The fistula is almost 
invanablj completely drj, and no bile leaks about the outside of the tube It is 
perhaps for this reason that we did not find it necessary to put plaster collars 
on the dogs, as when there is no bile on the skin the tendency to lick or bite the 
apparatus does not seem to be present 

With the use of tins preparation we kept four dogs alive for from four and 
one-half to five and one-half months, considerably longer than the usual period 
of survival when other Upes of fistula are used The absence of ascending 
infection in all cases was striking, and the liver did not show the usual damage 
found in animals nith experimental biliarv fistulas A.s will be seen, this prob- 



F'g 1 — Diagram showing the use of the Dragstedt cannula m the deeply 
placed gallbladder of the dog The part intervening between the edge of the gall- 
bladder and the abdominal wall is wrapped in omentum 

ably accounts for the fact that many of the phenomena usually said to be the 
results of acholic cachexia were not found m our animals 

All these various types of preparations have been used, for the most part m 
experiments of short duration In all those designed to last for periods of more 
than from two to three weeks, the Dragstedt cannula was used The protocols 
as the results of the various groups of experiments and the comment 

wi e given under separate headings However, since over one-half of our 
ata \\ere taken from the results obtained on four dogs in which intensive studies 
P Periods, the protocols of these will be given in detail 

rst le our large tables are illustrative of these experiments and are included 
for cross-reference, although for the sake of clarity data from them are some- 
times included i\ith other material in smaller tables 


PROTOCOLS 

Choleci stostomy was performed on dogs under ether anesthesia and the Drag- 
■tedt cannula inserted according to the method just described Primary union 
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probably due to variations in the intestinal flora, which may or may not 
cause a fatty acid-contaming- stool 

Tlie volume of the bile excreted varied widely for no appaient 
reason The dogs vere allowed A\ater ad libitum, and the intake of 
fluids might have influenced the volume The average output was from 
6 to 20 cc per kilogram of body weight per day Whipple and his co- 
workers stated that “variations in bile secretion are startling and inex- 
plicable Our experience uas that when all the bile was drained to 
the outside the excretion u as about one-third less than normal In this 
obsenation Stadelmann,'’^ Whipple and his associates and others 
agieed The average of our entire series was 10 4 cc pei kilogram per 
day However, the unexplainable vai lations^were extreme (from 3 to 
23 cc per kilogram per day) There v as no tendency foi the excretion 
to lessen in the latter periods of extreme cachexia (tables 1 to 4) 

In the human being it appeals that the bihar}^ excretion is consider- 
ably less than this anjount per kilogram Pfaff and Balch got 525 cc 
pel day fiom a patient with a biliar) fistula Ross found that it varied 
between 505 and 725, a^eraglng 556 Andrew's, Hrdina and Dostal-'’^ 
placed It somewhat higher but within the same range In Ross’ obser- 
\ations on one human subject theie w'as an increase of about 50 per cent 
when bile was fed by mouth In 1902 Brand review'ed a large series 
of reports of bihar\ fistula, and his \ery extensive analysis showed that 
the a^elage foi man w'as tiom 500 to 1 100 cc per dav In his leport 
as m most otheis the weights ot the patients w'eie not given, but if 
they aie taken to avetage about 70 kilogiams, the acerage excretions 
would urn betw'een 7 and 17 cc pei kilogram per daj', in most cases 
being much nearei the lower figuie 

Similar violent fluctuations occuired m the quantities of the biliar\ 
constituents w'hich were ineasuied (tables 1 to 4) The cholesterol con- 
centration appears to ha\e no relation to that of the bile salts Siini- 
lail)' the amounts of cholesteiol or bile salts excieted appear to haie no 
1 elation to the concentiation of the bile There is appaiently as Wisnei 

30 Foster, F 1^1 , Hooper, C W , and Whipple, G H Metabolism of Bile 
\cids Normal Fluctuation in Heaitln Bile Fistula Dogs, T Biol Chem 38 367, 
1919 

31 Stadelmann, E Ueber das Vorkommen von Gallensauren Hippursaure und 
Benzoesaure m den Nebennieren, Ztschr f phvsiol Chem 18 380, 1893 

32 Foster, M G Hooper, C W , and Whipple, G H Metabolism of Bile 
/kcids Administration bv Stomach of Bile, Bile Acids, Taurine and Cholic Acid 
to Show Influence upon Bile Acid Elimination, J Biol Chem 38 379, 1919 

33 Pfaff, F , and Balch, A W An Experimental Investigation of Some of 
the Conditions Influencing the Secretion and Composition of Human Bile, J Exper 
Tiled 2 49, 1897 

34 Brand, J Beitrage zur Kenntnis der menschhchen Galle, A.rch f d gcs 
Phisiol 90 494, 1902 
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and Balch,"^ Seyderhdm and Tamniann and Baumann'*'’' reported 
clinical cases in which this factor seemed to be important Balfour and 
Ross ' cited one case in which an apparently complete fistula had been 
present for three years, and except for the fact that the patient’s hemo- 
globin content was 35 per cent no other pathologic lesion was evident 
In the one hundred and si\t3^-six cases reported by them, most of the 
patients who were cachetic were piofonndly anemic In the light of 
modem knowledge of the condition it seems reasonable to assume that 
the patients Avho were not cachetic had incomplete fistulas Most of 
these authors, as well as many others, pointed out that administration 
of bile by mouth m vaiying amounts will bring about marked regeneia- 
tion of the blood Queen, Hawkins and Whipple® denionstiated how 
little bile IS needed to keep an animal in normal health, and from our 
own experiences we feel inclined to believe that his minimum of 5 cc 
pel kilogram pei da} repiesents the upper rather than the lowei limits 
of the average On two different occasions we noted a sudden gain in 
weight in experimental animals with apparently complete fistulas 
Although in each case it was subsequently shown that the gam in weight 
was due to a paitial reestablishment of the common duct, bile was not 
evident in the stools, even by chemical tests, for several days 

While It seems the almost unanimous opinion of all workers that 
the anemia is due either to loss of pigment or to avitaminosis (which 
will be discussed later), there has been a definite opinion to the contrary 
expressed by Whipple and his associates In their experience anemia 
simply did not occur, provided the dogs were kept in good general 
condition and piovided the fistulas were functioning properly In their 
opinion, ascending infection is the most important factor, although 
intoxication of other sorts and faulty diet may have considerable influ- 
ence Some observers haA^e studied the general type of blood picture 
and found that usually the hemoglobin fell considerably faster than 
the red count and that in many cases leukopenia Avas present as Avell 
Lymphopenia has also been noted These factoi s are hard to correlate 
with a picture of chronic septic anemia and suggest that damage to the 
liver rather than infection may play a role 

37 (a) Seyderhelm, R, and Tammanii, H Ueber die Blutmauserung Die 

Gallenfistelanamie des Hundes, Ztschr f d ges exper Med 57 641, 1927 (b) 

Baumann, W (Gottingen) Ueber die Blutmauserung Weitere Untersuchungen 
uber die zur Entstehung der Gallenfistelanamie fuhrenden Storungen, ibid 75 

401, 1931 „ , 

38 (a) Whipple, G H , and Smith, H P Bile Salt Metabolism V Proline, 

Tryptophane and Glycine m Diet, J Biol Chem 89 70S, 1930 (b) Hawkins, 

W B , Snbhishaj, K , Robscheit-Robbins, F S , and Whipple, G H Bile Pig- 
ment and Hemoglobin Interrelation in Anemic Dogs, Am J Physiol 96 463, 1931 
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the general cachexia as measured by loss of weight In all animals 
the red cell count and the hemoglobin content were within the lower 
limits of noimal up to the point of death, although a few days before 
death there was a slight fall m some of the dogs Figure 2 is a graphic 
summary of the lesults These findings are all the more striking when 
one remembers the amount of blood withdrawn from the animals for 
the various classical studies In each case this amounted to about 600 cc 
during the course of the experiments (fiom four to five months) 

The aveiage loss of body weight during the period was 33 per cent 
The average loss of hemoglobin was 17 4 per cent and of red cells 
17 8 per cent If one ignores the terminal loss within the last few 
da3s before death, one can see that the average was the same for the 
last foul months of life The lowest red cell count was 4,200,000 per 

Table 5 — Schematic Rchi csciitation of the Dcgcnciatwn of Hcmoglohm* 

HLJMOGLOIirJS' — > GLOBIA (a protein) 

HEM VTHV (C3‘'H32^403Fe) 

' I 

HiiMOPOHPHTBIN (CasHjsXiOo) 

i ' 

BILIH0BIN (CasHaoXiOa) 

BILI VERDIN (Ca-HaoXiOs) 

UROBILI^, STEREOBILIX (C3”H4oX407) 

PYRROLS (CsHiaN, etc) 

HEMATIC ACIDS (OsHsOs) 

* Tile formulas given are all tentative and taken from Mathews The various pirrols 
and hematic acids are deflnitclj known 

cubic centimeter One dog died with a red blood cell count higher than 
before operation, after having lost 41 per cent of body weight in five 
months Balderston found that there were changes in the size and 
shape of the red cells in acholic cachexia We were not able to confirm 
this observation 

Studies of the fragility of the red cells were also made every four 
days in these dogs, and at no time was there the slightest change The 
method used was Sanford ’s,^^ that of testing the degrees of hemol}sis 
m saline solutions of various concentrations of salt At no tune during 
the entire experiment were there an}'' deviations from the normal either 
as measured fiom the beginning of hemolysis or at its completion 

If, therefore, dogs may be carried through periods of acholic 
cachexia typical in every point and ending in death without the occur- 
rence of anemia, one feels justified in agreeing with Whipple He found 
that anemia did not occur m dogs kept alive by feeding them minimum 
amounts of bile for as long as four years Our own experiments showed 
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The feces were collected daily and pooled for periods They were dried, 
powdered, mixed and weighed and aliquot samples taken The cholesterol content 
was determined b> the method of Bloor == In most cases the period of ether- 
alcohol extraction w'as over six months !Most of the animals defecated onh 
during their periods of exercise When the stools were liquid, adequate collection 
was impossible For this reason our figures on the cholesterol content of the 
stools are incomplete, probably representing less than half the actual amount 
passed, as it is W'ell known that the diarrhea stool usuallj has the highest sterol 
content 

GENERAL OBSERVATIONS 

The loss of weight was most rapid m the first month, then the 
descent vas gradual up to a week or two before death, when it again 
became rapid (fig 2) Often the fiist rapid loss of weight w'as m itself 
fatal, death frequently occurring m the third or fourth -week ^^T^lpple 
stated that such rapid death is due to infection of the fistula, but that 
was not our experience It seemed that after the first sudden loss in 
w'eight, the dogs began to compensate for the loss of bile If this com- 
pensation broke dowm, death took place fairly promptly In some of the 
dogs wdiich lived for from four to five months there w'as onl)’^ a slight 
loss during the second and third months On the other hand if one in- 
cludes the number of dogs dying within the first three to four weeks, 
the average length of life w'as probably about fi^e w’eeks Dogs w'hich 
survived the first rapid decline usually lived foi at least three and one- 
half months These facts should be noted by surgeons w'ho are tempted 
to “dram off the poisons” in cases of clinical jaundice 

The appetite w'as moderate and but little difficulty was encountered 
m making the dogs eat Changes m diet, how'ever, w ere not well toler- 
ated, and often implied a period of starv'ation The loss of w'eight 
brought about a certain lethargj^ m some cases, but most dogs remained 
playful and very active almost into the terminal stages Some appeared 
unduly excitable and boisterous when taken from the cages for their 
daily exercise We came to regard any letharg)’^ or depression as an indi- 
cation that something w'as w'rong wnth the fistula One dog gave biith 
to a litter of pups on the tw'enty-seventh day after operation and lived 
nearly foiu months longer Death usually occuired w'lthout any charac- 
teiistic findings and w'as apparently due simply to inanition and rapidly 
oncoming weakness The diet was varied onty slightly and w'as in gen- 
eral well tolerated, although it w'as impossible to avoid attacks of 
dianhea These attacks did not seem to be related to any changes in 
diet but could be fairly regularly induced by the addition of fat to the 
diet On the other hand, a huge addition of fat might not cause any 
disturbance at all The same condition in patients w'lth biliary fistula 
w as prei loiisly reported on by Andrew s, Hrdina and Dostal It is 

29 Andrws, E , Hrdina, L, and Dostal, L E Etiologj of Gallstones II 
Amh SIS of Duct Bile from Diseased Lners, \rcb Surg 25 1081 (Dec) 1932 
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mauzed the hteiatme and discussed the i elation of the condition to 
osteomalacia 

According to most of the eaily chemists, bile was either neutral or 
slightly alkaline to litmus (Hammarsten) When more accurate studies 
became possible, it was revealed how slight was this alkalinity Previous 
studies on the fin of hvei bile have given rather a wide range of values 
Okada « found that in the dog it langed a tiifle over 8 Duttman’s 
figuies, both for dogs and human beings, showed it a trifle lower In 
the prolonged and detailed studies of Drury, McMaster and Rous, the 
usual finding was about fin 8 2, although on standing the alkalinity 
might increase considerably Neilson and Meyer found the fin of 
flesh bile from the liver to he witliin this same range but emphasized 
the point that on standing it might go up to 8 4 or 8 6 and attributed 
this to loss of carbon dioxide Drury emphasized the point that bile 
IS a ver}'’ well buffered solution and that addition of a considerable 
amount of acid is necessarj’- to change its leactions appreciably The 
lecent investigations of Jones called attention to the consideiable 
buffer action of the laige amount of sodium bicarbonate present, and 
he stated that this approximates that in pancreatic juice, which has 
long been known to contain so much that it froths violently on addition 
of stiong acid 

Our studies have indicated that the fin of bile, both that fioni the 
dog and that fiom the human being, is consideiably lower if the bile 
IS taken absolutel)' fieslM® It has generally run between 618 and 7 
There seems to be a great lack of equilibrium, as the carbon dioxide 
concenti ation of fresh bile from the livei is usually over 100 in a senes 
of neaity a hundred estimations in dogs This carbon dioxide concen- 
tration at such a fin gives of course a decidedly supei saturated solution, 
and great care must be taken in its collection to prevent its giving oft 
laige amounts of carbon dioxide This occurs when the bile stands in 
the gallbladder, for then its carbon dioxide content is about one third 
as much m spite of considerable concentration 

Ross found from 430 to 460 mg per hundred cubic centimeters 
of chlorides m human bile drained from a fistula, and Wangensteen ^ ^^as 
able to get about 0 4 Gm of sodium chloride a day in bile from one of 
his patients Bile obtained from a fistula, according to our ex-perience 

43 Okada, S On the Secretion of Bile, J Physiol 59 457, 1915 

44 Neilson, N M, and Me>er, K F Reaction and Phjsiologv of Hepatic 
Duct and Cystic Bile of Various Laboratory Animals, J Infect Dis 28 510, 1921 

45 Jones, K K Comparison of Buffer Value of Bile and Pancreatic Juice 
Secreted Simultaneously, Proc Soc Exper Biol & Med 28 567, 1931 

46 Aronsohn, H G, and Andrews, E Nonbacterial Cholecystitis Mecha- 
nism of Acidification of Bile in the Gallbladder, Proc Soc Exper Biol & Med 
33 89, 1935 
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and Whipple said, “a complete dissociation of the constituents of the 
bile ” In a preiious report it was shown that m the case of the human 
being the bile collected m the morning was consideiably less than that 
obtained in the afternoon oi at night These results agree with the find- 
ings of Whipple and of Ross In the present experiments the amount 
collected during the day was inclined to be considerably larger than that 
at night, although the diffeiences were not nearly so pronounced as m 
the human being 

A brief summaiy of the various theoiies of the causes of acholic 
cachexia is necessary m orienting oneself, but these theories will be dis- 
cussed in detail along with the portions of our woik having a bearing 
on them 

1 Anemia due to loss of pigment from the body 

2 Anemia due to inability to absorb vitamin D 

3 Acidosis due to loss of unbalanced ions in the bile 

4 Hemorrhages from gastric or duodenal ulcers produced by the 
lack of alkaline bile in the duodenum 

5 Fat starvation from inability to absorb fats m the absence of 
bile from the intestine 

6 Avitaminosis from inability to absorb vitamin D With this must 
be considered the factor of anemia as well as the often reported factor 
of osteoporosis 

7 Disturbance in the calcium metabolism due eithei to loss m the 
bile or to inability to absorb calcium from the acholic intestine The 
hemorrhagic disturbances often reported in the later stages have been 
associated with this possibility 

8 Lack of sterols m the body due either to loss in the bile or to 
inability to absorb them from the acholic intestine 

9 Loss of the bile acids 

ANEMIA DUE TO LOSS OF PIGMENT FROTvI THE BODY 

In a considerable portion of the literature on acholic cachexia, it is 
said that an invariable accompaniment is the development of profound 
anemia, and many observers believe that this is a cardinal factor in the 
picture Balfour and Ross," Wangensteen, ^ Balderston,^^ Ross,"= Pfaff 

35 Wisner, F P, and Whipple, G H Bile Salt Metabolism Variations in 
tie Output of Bile Salts Pigments During Twentj-Four Hour Periods, Am J 
Plnsiol 60 119, 1922 

Balderston, S V Anemia Associated with Biliary Fistula, Arch Int ]\fed 
50 223 (Aug) 1932 
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as chlonne ■>») before operation was 290 mg per hundred cubic centi- 
meteis, and at the conclusion of the experiment was 293 mg per 
hundred cubic centimeters, a change quite within the limits of experi- 
mental eri or These animals were all on mixed diets containing much 
meat, and the onset of the cachexia was prompt and typical 

It seems justified, therefore, to assume that if the typical picture 
of cachexia cholipiiva may be produced without changes in the acid-base 
equilibrium this factor is not fundamental, and that when reported by 
others it must be assigned to some intercurrent or indirect cause and 
must not be considered as a fundamental etiologic factor While acido- 
sis, as reported by many, may be a frequent accompaniment of acholic 
cachexia and may explain some of its manifestations, it seems wisest 
to attribute it to infection of the fistulous tract rather than to loss 
of bile 

PEPTIC ULCER 

To all students of biliary ph 3 'siolog 3 '' the duodenal ulcer has been the 
cause of man)’' disappointments It is an old and familiar story that 
just about the time that an expeinnent reached the critical stage, after 
much time and energy had been expended, sudden death occurred 
because of massne hemorrhage from the ulcerated stomach or duo- 
denum This danger is evei present m all experiments in which there 
IS an absence of bile from the duodenum, whethei produced by fistula 
or by obstruction of the common duct The onset of these ulcers is 
usually prompt, genei ally occurring in the second week The ulcers 
are usuallj’’ m the duodenum but not seldom m the pjdoric portion 
of the stomach They varj' all the ivaj' from minute erosions to large 
callous ulcers typical of those observed in the clinic Perforation of 
the deeper t)pe is not uncommon, and hemorrhage is distressingly fre- 
quent 111 the hands of most surgeons the administration of alkali has 
been of little value, although Kim and Ivy reported that 1 Gm of 
gastric mucin a day will prevent duodenal ulcer 

In our own experience, m animals nith either jaundice or biliary 
fistula such ulcers have been distressingly fi equent, although no records 
are available as to the percentage of their incidence Bollman and 
Mann in an extensn e study found that they occurred m 60 per cent 
of the cases of ligation of the common duct Kapsmow, Engle and 
Harvey^® found seienteen in forty-three dogs on which cholecystneph- 

49 Whitehorn, J C Simplified Method for the Determination of Chlorides 

in Blood or Plasma, J Biol Chem 55 499, 1921 

50 Kim, M S, and hj, A C Pre\ention of Experimental Duodenal Ulcer 
by Feeding Neutral Gastric Mucin, J A M A 97 1511 (Nov 21) 1931 

51 Bollman, I , and Mann, F C Peptic Ulcer in Experimental Obstructuc 
Jaundice, Arch Surg 24 126 (Jan ) 1932 



BISSELL-ANDRUVS— ACHOLIC C ICHEXIA 


639 


In Older to evaluate the possibility that loss of pigment is a factor 
in pioducing anemia one must reriew the salient points in the foimation 
of pigment Hemoglobin is the starting point and the question is at 
just nhat step in its degiadation its usefulness to the oigamsm 
ceases The first stage is the separation of the huge globm molecule 
The lesidual hematin is an iion-beaimg pigment closely i elated to bih- 
lubin, which undoubtedly takes its oiigm fiom it by the remoial of 
the single non atom An intermediate stage mar be the highly toxic 
hematoporphynn (said to be an isomeie of bilirubin), which is thought 
hi some to cause the toxic sjmptoms of jaundice, as it produces intense 
itching if injected into animals Biliiubin is conyeited into biliyerdin 
and then into urobilin and steieobilin, the possibly identical pigments 
found lespectnely in the urine and stools Most students dem that 
there is any absoiption oi fuither utilization of the bile pigments fiom 
the intestinal tract This is in diiect opposition to the position of the 
bile acids as the enterohepatic cii dilation of these, as shown bi M' hip- 
pie and his associates^" is an important feature in bod} economy If 
hemoglobin is fed to an animal with a biliaiy fistula theie is a definite 
use in the pigment content of the bile, but if bile pigments aie fed 
this rise does not take place — direct evidence of their nonabsoiption 
It appeals, theiefoie, that aftei the blood pigments have lost then iron 
they are no longer capable of leconstitution into caiiieis of oxigen 
and hence lepresent a waste product On theoretical giotinds theiefoie 
one cannot expect that the interruption of any such process by the 
pioduction of external biliaiy fistula will bring about any deficiency in 
hematogenesis 

Our results agree Mith none of those preiioush reported b) other 
authorities except Whipple and his associates In othei words m the 
animals which were carefully caied for anemia of an} degree simply did 
not occur Hoivever in some previous experiments m ivhich we used 
preparations other than the Dragstedt cannula massive hemorrhage from 
gastro-mtestmal ulceration often produced profound anemia and in 
other previous expeiiments seiere anemia, obviously based on sepsis, 
ivas coininon 


Tables 1 to 4 shoiv the blood picture of four dogs which survned 
foi from four and one-half to five and one-half months ivith complete 
bilian diversion and died with the typical symptoms of cachexia choli- 
prna Frequent blood counts and estimations of hemoglobin show'ed 
that the anemia was of trifling degree and did not approach in severiti 


. f ^ ’ Hooper C W and Whipple G H IMeUbolism of Bile 

^'^40 Wi , Exogenous Factors T Biol Chem 38 393, 1919 

■Dt 1 ^ ^ Origin and Significance of the Constituents of Bile, 

PInsiol Re\ 2 440, 1922 
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even in the total absence of bile Jones « found that the buftenng 
power of the pancreatic juice considerably exceeded that of the bile, 
and that the two seemed to act in a compensatory manner When that 
of the bile fell, that of the pancreatic juice rose, and vice versa 

If It IS possible, then, to carry dogs as a loutine through the whole 
course of acholic cachexia without the formation of ulcers by any 
method, it seems reasonable to attribute the well known tendency toward 
ulceiation to some concomitant feature and not to lack of alkali alone 
While obviousl}^ this must be an important feature, it just as obviously 
cannot be the sole one Possibly the suggestion of Still and Carlson 
IS lelevant They showed that damage to the liver had a potent effect 
on the motility of the stomach, and it is quite conceivable that as damage 
to the liver was minimal in our dogs its absence may help to account 
for lack of peptic ulcers Heller and many others liave reported a 
hemorrhagic diathesis m the presence of a complete biliary fistula This 
may be cured by the addition of bile to the diet Some have considered 
this as a manifestation of damage to the Iner and others as due to a 
lack of calcium and to be related to the osteoporosis However, such 
a condition is often suggested b}' the gross appearance of the ulcers 
seen in biliary diversion, as multiple minute punctate submucous hemor- 
rhages are a common finding 

TAT STARVATION 

On the authority of Claude Bernard we assumed that the digestion 
of fat IS totally abolished in the absence of bile from the intestinal tract, 
and m spite of the obvious fact that his experiments did not justify 
such a sweeping conclusion one constantly encounters the same state- 
ment today Pfluger,®® Dastre and later Levin arrived at a similar 
conclusion, using the same general criterion, i e , absence of milky chyle 
in the tymphatic lessels draining the acholic portion of the intestine 
The conclusion is backed also by the Avell known clinical occurrence 
of fatty stools 111 the case of jaundice and of biliary fistula, as well as 
by the intolerance of fats and the frequent attacks of diarrhea due to 
the presence of fatty acids While most workers have felt that the 

54 Still, K S , and Carlson, A J Motor and Secretory ActiviU of Stomach 
During Acute and Chronic Obstructive Jaundice in Dogs, Am J Physiol 74 
34, 1929 

55 Heller, E Hamorrhagische Diathese ohne Ikterus bei vollstandiger ausser 
Gallenfistel, Deutsche Ztschr f Chir 235 667, 1932 

56 Pfluger, E Die Resorption der Fette vollzieht sich durch, dass sie in 
wassnge Losung gebracht werden. Arch f d ges Physiol 86 1, 1901 

57 Dastre, A Du role de la bile dans la digestion des matieres gra'^ses, 
Compt rend Soc de biol 4 782, 1887 

58 Levin, I Ueber den Einfluss der Galle und des Pancreassaftes aiii cue 
Fettresorption in Dunndarm, Arch f d ges Phvsiol 63 171, 1896 
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that even in complete biliary deprivation anemia does not necessarily 
occui, and when it does it must be attributed to some complication, not 
necessarily to the direct deprivation of bile 

ACIDOSIS 

Acidosis due to the loss of alkaline bile has been considered a factor 
in biliary cachexia by many observers Since the time of Pavlov this 
has been associated with the bony changes and other features of the 



P'ff 2 A.verage values on four dogs, showing the relation of anemia to 
icholic cachexia The heavy solid line indicates the weight, the light solid line 
the red blood cell count, and the dotted line the hemoglobin content Note the 
tarl> initial slight drop and the maintenance of the level of the red cell count 
and the hemoglobin content until just before death The loss of bodj weight 
was far more rapid and progressive 


disease Balfour, Ross, Wangensteen and man} other observers noted 
acidosis 111 clinical and experimental cases Duttmann, m 1927,^- sum- 

^ ^ Work of the Digestive Glands, translated into English 

49 n - London, C Gnffin and Companv, 1910 

r c ^ "^^eranderung des Saure-Basengleichgevv ichtes nach 

vAi™ Bedeutung bei der Entstehung der sogenannten porotischcn 

Mahcie, Beitr z khn Qnr 139 720, 1927 
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as ^^eU as that of otheis, contains about the same amount of chlorides 
as serum does, and therefore theoreticalh one might expect that the 
loss of chloride -would more or less paiallel the theoretical loss of chlo- 
ride in a hemorrhage of equal amount This certainl} represents an 
upper limit of possible loss of chloride It is quite clear, then, that the 
total possible loss of chloiide falls far uithin the range that may be 
and IS easil} made up in the food No comparison is possible u ith the 
extensive, rapidl) fatal loss of chlorides in gastiic fistula 

No free base is found m bile, and all the sodium not present as 
carbonates or chlorides is bound to bile acids The other electrohtes 

Table 6 — Data Shoimig the Acid-Base Cquihbiiuiii in Eight Dogs Studied for 
Periods of fioiii Tink'e to Eightv Days •iftci Ot>eratioii 
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are present in quantities too small to consider m relation to the normal 
dietar} intake Therefore there seems to be no theoretical reason to 
expect changes in the acid-base equilibrium as a direct result of loss 
of either anions or kations in the bile (table 6) 

This has been exacth our experience Eight dogs uere studied for 
periods ranging from twelve to eighty days after operation, and the 
results aie tabulated in table 6 The aAcrage caibon dioxide-combniiiig 
power, according to Van Shke and Cullen,^® at the conclusion of the 
cxpennieiit was exact!} the same as in the control estimations before 
the experiments began (39 5) The average chloride content (expressed 

47 Dngstedt L R , md Ellis J C Fatal Effect of Total Loss of Gastric 
Juice, Proc Soc Exper Biol S. ifed 26 305, 1929 

•>n ^ ^ and Cullen G E Studies on \cidosis, J Biol Chem 

oU 191/ 
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Thus while it is undoubtedly true that absorption of fat is markedly 
diminished in acholic cachexia, it is clear that moderate amounts are 
absoibed and that actual fat starvation does not take place 

AVITAMINOSIS 

As a coiollary to the theory that there is a lack of fat absorption 
goes the concept that fat-soluble vitamin, a sterol, is not absorbed from 
the intestine in the absence of bile This attractive hypothesis is also 
closely related to the factor of anemia and to the frequently reported 
disturbances m calcium metabolism and associated osseous changes 
Furthermore, a tremendous amount of evidence for this theory has been 
built up on the basis of careful experimental studies The factor of 
anemia has been discussed, and the disturbances in calcium metabolism 
will be considered separately 

The effects of wosterol on various manifestations m an animal with 
a biharj^ fistula have been studied by man}'- observers, and a definite 
correlation has been reported almost unanimously The apparently 
overwhelming nature of the evidence presented, together with the utterly 
negative results of our experiments, warrants a review of the subject 
Seifert,®® Seyderhelm and Tammann,®'* Emerson,®® Murakami,®® Hey- 
mann,®’' Greaves and Schmidt,®® Dietrich,®® Heller,®® Seyderhelm and 
Tammann,®^® Baumann, Takasu •® and Whipple and his associates ®®‘’ 
reported experiments indicating a direct relationship of acholic cachexia 
to lack of fat-soluble vitamin Evidence of various sorts was included 
Tammann ®'“^ found that the osteomalacia associated with acholic cachexia 
could be prevented and cured by injection of activated ergosterol Later, 

63 Seifert, E Zur Frage der porotischen Malazie mch Gallenfisteln, Beitr 
z klin Chir 136 496, 1926 

64 (a) Seyderhelm and Tammann (h) Tammann, H Ueber die Beein- 
flussung der porotischen Osteomalazie nach Gallenfistel durch das D-Vitamin, 
Beitr z klin Chir 142 83, 1928 

65 Emerson, W C Distribution of Calcium m Jaundiced and Acholic Dogs, 
J Lab & Clin Med 14 122, 1928 

66 Murakami, K Ueber die Gallensaurebildung , Avitammosen und Gallen- 
saure-ausscheidung m der Galle, J Biochem 9 321, 1928 

67 Heymann, W Untersuchungen iiber die Phosphatstoffivechselstorung bei 
Rachitis , uber Rachitis und Tetanic bei Gallenfistelhunden, Ztschr f Kinderh 54 
201, 1933 

68 (a) Greaves, J D , and Schmidt, C L A Studies on Calcium and Phos- 
phorus in Bile Fistula Dogs, Proc Soc Exper Biol & Med 29 373, 1932, (b) 
The Role Played bj Bile m the Absorption of Vitamin D in the Rat, J Biol Chem 
102 101, 1933 

69 Dietrich, H Die porotische Malacie nach Gallenfistel, Beitr z klin Chir 

134 530, 1925 , r> , i, 

70 Takasu, M Experimentelle Studien uber die acholische Kachexie, Deutsche 

Ztschr f Chir 224 240, 1930 
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rostomy had been performed Kim and Ivy found ulcers m 10 per 
cent of dogs m which the common duct had been tied and in 60 per cent 
of those in which the Rous fistula was used Berg and Jobhng,®^ using 
a Rous fistula, found peptic ulcers in thirteen of twenty-three dogs 
These figures represent a considerably higher incidence than our experi- 
ence indicates but are in accord with the fact that the Rous type of 
fistula with the cannulation of the common duct close to the duodenum 
is especially piovocative of ulcer Kim and Ivy suggested that the 
mechanical irritation of the tubing in this neighborhood is a factor 
This observation is interesting in view of the finding of Elman and 
Hartmann that a fistula alone causes ulcers in but few cases In 
our own hands the Rous fistula was conspicuously unsuccessful tech- 
nically and, as stated previously, caused many ulcers Elman as well 
as Rous, had considerable technical success and reported few ulcers 

Berg and Jobhng suggested that the geneial condition of the 
dog and the hygienic conditions under which it is kept are important 
factors He found that ulcers developed in 100 per cent of dogs under 
ordinary management, but that by providing special care of a general 
type this peicentage was reduced to 30 He was able to constiuct 
smoothly functioning Rous fistulas, and but few ulcers occurred 

Our experience in the use of the Dragstedt cannula proved quite sur- 
prising, to us at least Instead of losing a high percentage of animals 
because of the development of ulcers, we did not lose a single one of 
over thirty dogs Careful postmortem examination and constant exami- 
nation of the stools for blood (chemical as well as gross) gave negative 
results m all cases In not a single dog did either gastric or duodenal 
ulceration occur 

The explanation of this phenomenon is difficult The cachexia was 
usually of a very advanced grade, and most of the animals that lived 
long lost over one third of their body weight Certainly their “geneial 
condition,” in the sense discussed b}' the aforementioned authors, was 
the worst possible It appears necessary to reconsider our former hasty 
conclusion that lack of alkaline bile is the sole factor In the first 
place the alkahnit}^ of bile is minimum although considerable buffeiing 
power IS present, as was discussed before McRoberts studied the 
/>H of the duodenal contents following exclusion of bile and found that 
it was changed onlv to a minimum degree In fact the change was so 
negligible that he concluded that the buffering action of the pancreatic 
juice was sufficient to prevent any acidity of the duodenal contents 

52 Berg, B N , and Jobling, J W Bihan, and Hepatic Factors in Peptic 
Ulcers An Experimental Stud>, Arch Surg 20 997 (June) 1930 

53 McRoberts, J W Effect of Exclusion of Bile on Reaction of Duodenal 
Contents, Proc Staff Meet, Maao Clin 7 453, 1932 
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The loss of body weight pioceeded at the same general rate as in 
contiol animals, and life was not prolonged 

One curious featuie may be worth noting, that is, the profound 
dependent teiminal edema that occurred in four dogs of the series to 
which viosterol was administered The edema was marked in all four 
paws and the anterior abdominal wall In view of the fact that edema 
m a dog IS an unusual occurrence and is produced experimentally only 
with considerable difficulty, two of these animals were studied by Dr 
L Leiter, who contributed the following data The blood proteins 
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Fjg 4 — Chart of the body weights of six dogs with biliary fistula, to which 
viosterol was given hypodermically The dogs with the two longest weight curves 
were given viosterol only after the point on the curve marked X Others received 
it from the beginning of the experiment Loss of weight ocurred at the same rate 
in the experimental animals as in the controls (fig 2) 


were only moderately loweied, being just about at the lower threshold 
of normal The kidneys were normal at autopsy, both grossly and 
histologically We have no explanation to offer for this phenomenon, 
and none of our animals except those treated with viosterol became 
edematous 

One dog, on the seventeenth postoperative day, had a single tetanic 
convulsion lasting about fifteen minutes At this time the blood calcium 
was 12 4, the highest found at any time in bis course, at the same time 
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digestion of proteins and carboltydrates was normal or nearly so in 
the absence of bile, it is quite clear that the emulsification and absorp- 
tion of fat are seriously letarded Rachford showed that the action 
of panel eatic lipases was inci eased thieefold by the addition of bile 
and that the constituents of the bile which had this function were the 
bile salts He was able to produce in vitro the digestive powers of bile 
quantitatively with pure bile salts Von Fuith and Schutz showed 
that bile, added to pancreatic secretions in about the proportion found 
in the intestine, increased their fat-sphttmg powers ten times 

In spite of all this evidence, there is just as clear proof that the 
power to utilize fats in the absence of bile from the intestine is not 
totally lost In the first place, animals dying from jaundice or a com- 
plete biliary fistula do not lose all their fats and m the former case 
may live for more than a year If absence of bile causing fat staivation 
IS the important factoi in such cachexia, it is difficult to explain why 
jaundice is so well tolerated and the fistula is not Furthermoie direct 
evidence is not lacking While ahmentaiy lipemia of a high degree 
cannot be produced in animals with fistulas, a slight postprandial use 
can be seen Umber was unable to recovei moie than about one half 
of the ingested fat from the stools, and bacterial action sufficient to 
account for such a destruction seems most unlikely Munk’s elaborate 
studies of the question indicate that in favoiable circumstances as 
much as one halt of the fat may be absorbed and that usually from 
10 to 20 per cent can be accounted for in no other manner except by 
assuming its absorption and utilization 

On the other hand, there is considerable recent literature indicating 
that direct absorption of fats into the blood stream is possible The 
method recently demonstrated by Verzar and Kuthy,®- however, requires 
the presence of bile in the intestine, and it seems more rational to assume 
that absorption of fat fiom the acholic intestine m diminished amounts 
must take place through the lacteals (fig 3) 

Oui studies justify the general conclusions of the last authois 
on seveial grounds 1 Postmortem examination fails to show a specific 

59 Rachford, B K The Influence of Bile on the Fat Splitting Properties 
of Pancreatic Juice, J Physiol 12 72, 1891 

60 a on Furth, O, and Schutz, J Ein Beitrag zur ^lethodik der Versuche 
fiber Fettrcsorption aus isolierten Darmschlingen, Beitr z chem Phjs u Path 
10 462, 1907 

61 lifuiik, I Ueber die Resorption aon Fetten und festen Fettsauren nach 
Aiisschluss der Gallen aom Darmkanal, Virchows Arch f path Anat 122 302 
1890 

62 Verzar, F, and Kuthj, A Die Verbindung dcr gepaarten Gallensauren 
nnt Fettsauren und ihre Bedeutung fur die Fettrcsorption , Loslichkeit und Diffusi- 
bihtat, Biochem Ztschr 210 265, 1929 
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matoiy conditions lapid absoiption may occur and in prolonged 
obstruction excietion is known to occui from the mucosa/'^ it seems safe 
to assume that in the normally functioning viscus no change in calcium 
content occui s except that incident to the concentration of the bile 
If the usual volume of bile is from 10 to 20 cc per kilogram of body 
weight, It IS easily calculated that the aveiage dog might lose from 
100 to 300 mg of calcium per da)' in drainage tin ough a biliary fistula 
If absorption is noimal, this amount seems insignificant compared with 
the intake 

While Gilbeit'- found that the amount of calcium in the bile was 
about two thuds of that in the urine and that this secretion of calcium 
was not dependent on that in the mine, the laige amount found in 
isolated segments of the intestine suggests that the inajoi organ for 
the excietion of calcium is the intestine and not the kidney Fecal 
calcium IS usually far in excess of that in the mine Thus in order to 
assume that distui bailees in calcium metabolism are due to inability to 
absorb calcium directly it is fiist necessai)' to get conciete proof that 
such inability exists, and such pi oof is utteily lacking Von Beznak"® 
offered some evidence on this score He showed that in dogs distinct 
alimentar) calcemia was piodiiced Furtheimoie passage of this blood 
through the hvei did not change its calcium content In normal dogs 
the content of the portal blood is the same as that of the blood m the 
geneial ciiculation, but after biliary diversion it was less These exper- 
iments seem conclusive, but the changes repoited might be consideied 
as lying within the limits of expeiimental eiroi 

On the othei hand, Biougher’" noted that the development of paia- 
thyroid tetany was much delayed by ligation of the common duct and 
assumed that this might be explained by an actual inciease in the absoip- 
tion from the intestine Fleymann made biliaiy fistulas in puppies, 
wdnch normally produce a condition veiy like rickets He found that 
this condition was alleviated by iiiadiated ergosteiol but not by calcium, 
and It seemed logical to assume that therefoie the simple absence of 
bile fiom the intestine did not interfeie with the absorption of the 

74 Andrews, E , and Hrdina, L Absorption of Calcium from the Gallbladder, 
Am J M Sc 181 478, 1931 

75 Phemister, D B , Day, L , and Hastings, A B Calcium Carbonate Gall- 
stones and Their Experimental Production, Ann Surg 94 595, 1932 

76 von Beznak, A Der Einfluss der Galle auf die Resorption des Calciums, 
Arch f d ges Phjsiol 228 604, 19ol 

77 Brougher, J C Effect of Ligation of the Common Bile Duct upon the 
Appearance of Tetani in Thj roparatlwroidectomized Dogs, A.m J Phisiol 

39, 1928 
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loss of fats Much fat is found, and the distribution is normal Fur- 
thermore, the liver ma} often show an increase in fat 2 A slight 
alimentary hpemia is possible 3 The surAual of certain 3 aundiced 
animals may be prolonged One, in particular lived for sixteen months 
and weighed more at death than before the operation The most strik- 
ing aspect at autopsy was the extreme obesiti and the extensue fatt} 
infiltration of the liver The liver was nearly white and microscopic 
examination showed that nearl) all the parenchymatous tissue had been 
replaced by fat (fig 3) Although measurement iias impossible, there 
is no doubt but that this animal contained much more fat after sixteen 
months of absence of bile from the intestine Such a picture is certainl)" 
incompatible with the theorj' that in the absence of bile there is inability 
to absorb fats from the intestinal tract 

We intended to stud} the fat balance in se\eral of the dogs, but 
on account of the extreme difficulty in collecting the specimens this 
proved impossible In order to keep dogs in good health, periods of 


Table 7 — Effect of Ftft\ Giams of Fat AdMiiiistcrcd Oially on the Fat 

Content of the Blood 
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liquid, as they often were mau} L\ere lost or contaminated \Mth material 
from the floors of the laboratory However, a series of seventv-mne 
estimations of blood fats were made on four dogs extending oLer their 
periods of cachexia (tables 1 to 4) These shoued clearly that there 
was no lack of fat in the bod} as the values all fell wnthin the normal 
limits Eren dogs in the last stages of cachexia showed a fat content 
of the blood of about 0 1 per cent 

Four dogs were submitted to tests for ahmentar} hpemia Fitt} 
grams of fat was giien b} mouth In all four a nse occurred in the 
blood fats, and in two this w’as considerable The rise in one case 
was from 77 to 115 mg per hundred cubic centimeters While the 
rises were not comparable to those that occur m normal dogs they 
indicate that in the presence of a biliarL fistula some fat is absorbed 
Four other dogs with biliar} fistulas were subjected to explorator} 
laparotonn and no whitish lacteals could be found but such changes 
in the blood fats as are seen in table 7 would probablv not haie altered 
the gross appearance of the hmph Ne\ ertheless there is a possibilit\ 
that the fat ma} be absorbed directU into the blood stream 
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(sixteen months) As can be seen, there is not the slightest sign of 
lacunai absoiption, noi is theie any thinning of the cortex of either 
bone Roentgen studies in othei cases have failed to show evidence 
of osteoporosis 

If It IS possible to cany clogs through the entire course of typical 
cachexia chohpiiva without osseous changes, one feels entitled to assume 
that these do not lepresent integral parts of the picture but are due 
to complications In most of the previouslv leported cases both in 
human subjects and m animals the fistulas have been incomplete, as 
indicated by the long suivivals It may therefoie be that osteoporosis 
in such cases is simply a manifestation of general cachexia and part 
and paicel of the widespiead degenerative changes m all the organs 
Many of the animals have been caged and many of the human subjects 
bediidclen, and ordinary atrophy of the bones and muscles from disuse 



Fig 5 — Chart showing the blood calcium curves of four dogs with acholic 
cachexia Note the slight but definite lowering in all instances The values 
are given in milligrams per hundred cubic centimeters The broken line repre- 
sents dog 940, the dot and dash line dog 958, the solid line dog 959, and the dotted 
line dog 960 


is possible In any long continued seveie disease osseous atrophy usu- 
ally occurs, and parallels could easily be drawn in the clinic with such 
diseases as cancer, tuberculosis and pernicious anemia, in which pro- 
longed invalidism or even old age has shown in roentgenograms con- 
ditions at least as typical as those often shown as being peculiar to 
biliary cachexia 

On the other hand, m the case of jaundice and of biliary fistula 
extreme osteoporosis may occur in the absence of bile from the intes- 
tine much too rapidly to permit these explanations An alternative 
theory has been suggested by Duttmann,"*- who attributed osteoporosis 
to acidosis Although the changes in the acid-base equilibrium reported 
in his experiments would not ordinarily be considered severe enough 
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with Baumann,^"'’ he showed that non had little eftect in acholic anemia 
Livei extracts weie of slight benefit Howevei, inadiation of the ani- 
mals helped moie, while inadiated bile was considerably more potent 
than normal bile Heller =■' found that admniistiation of vitamin D 
pi evented the hemoiihagic changes Mniakami found that olive oil 
had no effect on the secietion of bile acids, while viosterol laised it 
foul fold (Whipple had pieviously shown the same result) Hey- 
mann i eported that osteomalacia occui ring in puppies with biliary 
fistulas IS cm able by the administration of Mosterol The previousl} 
mentioned experiments of Greaves and Schmidt,*’®'^ indicating that a 
phosphoi us-calcium balance was lestoied to osteoporotic animals by 
the admniistiation of viosterol aie peitmeiit to tins subject 

It has been reported by some that the blood calcium of dogs with 
biliary fistulas may be raised b}' the subcutaneous injection of viosteiol 
That this IS impossible has been not onl}' our expeiience but that 
of all workeis in the field of vitamins, for the blood calcium levels of 
normal dogs cannot be laised by this means Three expeiiments of 
this type convinced us of the futilit) The first expeiiment consisted 
of feeding a dog with a biliary fistula 20 cc of viosteiol m oil 250 D 
The effect on the blood calcium was nil As contiols two other normal 
dogs were each given the same dose, and the results were negative 
Tins dose was said b} a colleague mIio had used it previously to be 
about two thirds the lethal amount for a dog and that even the lethal 
amount would not cause a rise in blood calcium It seems rational then 
to discaid all experiments m which dogs have been used to test the 
eftect of viosterol on the blood calcium unless there was a profound 
loweiing of the calcium m the first place It is well known that para- 
thyroidectomized dogs respond to viosterol, but onty if the blood cal- 
cium content is in the same range as that in the case of tetaii}’^ 

There is also considerable hteiature on the osteoporosis caused by 
jaundice m which the same factors are acting This condition was 
reviewed by Buchbinder and Kern,’' who like He)miann and others 
thought that it was rather typical rickets 

With this ajiparently overwhelming evidence at hand, it is difficult 
to explain our results They were, briefly, that no benefit occurred 
from the admmistration of viosterol in apparently adequate doses 
Theie was in our animals no anemia or osteoporosis to combat, and the 
only waj of measuring the effect of the vitamin was to weigh the 
animals and to see if it prolonged life As can be seen from figure 4 
It had not the slightest effect 

71 B^hbinder, AV C, and Kern, R Experimental Obstructs e Jaundice I 
Growth Factor in Defectiie Calcification, Arch Int Med 40 900 (Dec) 1927 

CA Experimental Obstructue Jaundice, Am J PI^moI 

oO s/d, 192/ 
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to cause loss of calcium, much wider fluctuations have been found by 
other obserA'ers Calcium carbonate is more soluble in acid mediums 
Hastings and his associates presented tables and equations enabling 
one to pi edict its solubility at various concentiations of other electro- 
lytes at various values of pu Bodansky, Jaffe and Chandler showed 
that extreme decalcification may be produced by the administration of 
phosphoius, which does not necessarily raise the level of the blood 
calcium which is controlled largely by the renal thieshold Later they 
pioduced typical decalcification in animals by acidosis caused by other 
means and made it cleai that a negative calcium balance results in any 
condition of prolonged acidosis In view of the fact that an association 
of acidosis with acholic cachexia has been reported by many authors, 
this seems to oftei a ready explanation of the decalcification which 
may accompany the cachexia As we stated previously, we believe 
that acidosis results from infection of the fistula or from damage to 
the liver and that the absence of these features in our expeiiments may 
account for the absence of osseous changes so often said to be t 3 ’pical 

CHOLESTEROL 

The question of the absorption of sterols fiom the acholic intestine 
is intimately related to the theor}'- of lack of vitamin D If it is true 
that bile salts are necessary to absorb lipoids as they have been said 
to be needed to absorb fats, it is clear that there should be a decided 
lack of sterols m the organism under such conditions This has not 
pioved true in our experiments While it is well known that the 
blood cholesterol content in the dog averages considerably^ higher than 
in man, the normal fluctuations are A'ery'' wide The uncertainty and 
inaccuiacy of the methods usually applied for its estimation are perhaps 
partly accountable for these apparent fluctuations Accurate cholesterol 
estimations can be made by only one method, i e , the gravimetric one 
of precipitation with digitonm and weighing This is impossible in 
using specimens as small as samples of blood necessitate (or even sam- 
ples of bile) Therefore one of the various modifications of the 
Autenrieth-Funk color reaction is used, and in our hands the peicentage 
of error was at least 20 pei cent We were never able to attain the 
degree of accuracy recently reported by some observers, who claimed 
that they had reduced this percentage of error to less than 3 The 

81 Hastings, A B , Murray, C D , and Sendarv, J Studies of the Solubihtj 
of Calcium Salts, J Biol Chem 71 731, 1931 

82 Bodansk}, A , Jaffe, H L, and Chandler, J P Serum Phosphatase 
Changes in Calcium Deficiency and in Ammonium Chloride Osteoporosis, Proc 
Soc Exper Biol &. Med 29 871, 1932 Bodansky, A , and Jaffe, H L Phos- 
phatase Studies Serum Phosphatase of Non-Osseous Origin, Significance of 
Variations of Serum Phosphatase m Jaundice, ibid 31 107, 1933 
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a corneal opacity developed, which was attributed to avitaminosis by 
an ophthalmologist Howevei, the opacity disappeaied spontaneously 
within ten days, and the dog suivived for three months longer This 
incident shows how easily data on avitaminosis may be misinterpi eted 

Foui other animals tieated with viosteiol showed marked mciease 
111 weight and geneial well-being The coats became glossy and the 
appetite increased Each of these animals was found to have an acces- 
sory duct, or the old ones reestablished, and to have small amounts 
of bile in the stools, which of course was the cause of the recoveiy 
Such accidents may explain some of the previously reported results 
but certainly not all of them in the hands of many careful workers 
On the other hand it does not seem exactly logical to assume, as many 
woikers have, that just because viosterol may cure some of the mani- 
festations of acholic cachexia, lack of viosterol is the direct cause 
of it According to such logic, if, for instance, malaria is cured by 
quinine, it must be caused by lack of quinine ' Whipple and his asso- 
ciates were caieful not to reason thus, and although they repoited 
that viosterol improved the blood picture m the cachetic dogs, they 
did not state that lack of it is the cause of the anemia Viosterol is 
a powerful stimulant to osseous deposition, and the fact that it helps 
osteopoiosis is not proof that lack of it causes the osteoporosis 

DISTURBED CALCIUM METABOLISM 

Disturbances m calcium metabolism have been reported on by many 
authorities, some of whom considered it a diiect result of avitaminosis, 
while others, beginning with Khnke, postulated inability to absorb cal- 
cium fiom the acholic intestine The frequency with which osteoporosis 
has occurred in acholic cachexia is shown by the long series of papers 
on the subject 

Gilbert '■ first called attention to the possibility of serious loss of 
bile in cases of external drainage and spoke of this excretion as a 
specific function of the livei On the other hand, many observers have 
found that the calcium of the bile from the liver usually fell within 
the range of that of the blood, although it is often slightly higher In 
oui laboiatory in a senes of sixteen dogs it averaged 13 mg per hundred 
cubic centimeters In the usual concentration m the gallbladder this 
paralleled the rise in the total solids for short periods such as fall within 
the time the bile ordmarilv remains in the viscus Although in inflam- 

72 Gilbert, E Ueber die Kalkausscheidung durch die Galle, Ztschr f d 
ges c\per Med 53 539, 1924 

73 Andrews, E , Schoenheimev, R, and Hrdina, L Etiology of Gallstones 

of the Gallbladder, Arch Surg 25 796 (Oct ) 
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IS lo\\ , usually averaging under 10 mg per hundred cubic centimeters 
In a few of our specimens much higher concentrations were found 
These were clearl) due to partial obstruction of the tube, allowing the 
bile to he for periods m the gallbladder and to undergo concentration 
That this is the correct explanation is shown not only by the finding 
of such obstructions but by the fact that during these periods the total 
daily excretion of cholesterol in the bile did not increase 
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Fig 8 — Graph showing the bile cholesterol curves of the dogs as given m 
tables 1 to 4 The dotted line represents dog 940, the dot and dash line dog 958, 
the solid line dog 959, and the dash line dog 960 


The evidence from these data is distinctly against cholesterol starva- 
tion It It IS then assumed that the cholesterol is exogenous (see com- 
ment under “The Sterol Balance’), one feels entitled to assume that 
It must be absoibed from the gastro-intestmal tract, and one is led 
to wonder wh) irradiated crgosterol should not be absorbed equally 
well, as It IS decidedl} more absorbable than ordinary sterols of anima 
origin 
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calcium Sekitoo showed that there \\ as a definite decrease m blood 
calcium in rabbits with bihar}^ fistulas, and that this could be corrected 
by the administration of bile salts by mouth Fuziwara showed that 
the addition of bile to the diet causes a dog to exciete more calcium 
in the bile and less m the stools Rose and Kohn stated the belief that 
in the absence of bile more calcium is absorbed and attributed this to 
the fact that much calcium may be bound in insoluble compounds with 
the bile acids m the normal person 

Many observers including oui selves, have found that the blood 
calcium and the blood phosphoius were normal m subjects with biliary 
fistulas This IS not exactly confirmed in our senes of eighty estima- 
tions of blood calcium (tables 1 to 4) Although the figures toward 
the end aie peihaps within the range of normal, it is quite deal that 
there is a decided change In the period of preopeiative contiol the 
average was about 12 mg pei hundred cubic centimeteis and it had as a 
rule diopped to about 9 mg m fiom foui to five months Neither figuie 
by itself IS significant, but if the entire series is plotted on a chart a 
fall IS evident that is entirely beyond the limits of expeiimental error 
Thus some disturbance in the calcium metabolism is evident Thus 
decalcification of the skeleton, if it occuis, must be studied on the basis 
of the caieful measuiement of intake and output This was done by 
Gi eaves and Schmidt, who demonstiated in rats and dogs that there was 
a negative phosphorus and calcium balance in the case of biliary fistula 
and that this returned to normal after the administration of viosterol 
and minute amounts of bile salts by mouth Similar expeiiments on 
the human being by King, Bigelow and Pearce gave similai results 

The evidence, while not complete, thus seems to point decidedly 
to a distinct disturbance of calcium metabolism in the case of biliary 
fistula It IS difficult to explain our results, which seem only to com- 
plicate the picture These may be summed up in a word or two In 
dogs with normally functioning biliaiy fistulas, in the absence of anemia, 
infection, periods of jaundice and other complications, osteopoiosis 
did not occui Two photomicrographs are shown, one representing 
the longest lepoited suivival of a dog with a complete biliarj^ fistula 
without accessoiy feeding (five and one-half months), and the other 
the longest leported suivival of an adult dog with complete jaundice 

78 Sekitoo, T Ueber den Euifluss der Gallensaure auf den Calciumstoff- 
\\cciscl, J Biodieni 12 59, 1930, Beitrage zur Kenntnis der Ghkocholeinsanre aus 
Kaninchengalle, Ztscbr f plnsiol Chem 199 225, 1931 

/9 Fuziuan, K Ueber den Emfluss der Gallensaure auf den Calciumstoff- 
‘-''''^'"'"•'usscheidung un Kot bci Zufuhr von Cholsaure, J B.ochem 13 

46 :), 19 >I 

80 Kuu, T H Bigelow J E, and Pearce, L Experimental Obstructne 
Jaundice T Expcr Med 14 159, 1911 
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pointed out by Andrews, Schoenheimer and Hrdina in recent papers," 
there is no proof that high blood cholesterol induces high bile choles- 
terol, and It has even been suggested b}’’ some that the mere fact that 
the blood cholesterol is high is indicative that the usual amounts are 
not excreted in the bile Others have shown that in the case of hpoid 
nephrosis m which the blood cholesterol is extremely high, the bile 
contains normal percentages Pribram,®' however, reported evidence 
that in the later stages of pregnancy and during the succeeding months 
the cholesterol in the bile is markedly increased His studies were based 
on analyses of material aspirated from the duodenum, which one must 
realize is mixed with intestinal secretions which have a high sterol 
content, considerably higher in fact, than that of the bile 

With these points in view the findings on this animal are inter- 
esting (table 4) In the first place it is clear that there was no change 
in the blood cholesteiol and that it lay in the same range as in the 
other three animals throughout the experiment This is a distinctly 
different picture from that found m the human being, in whom the 
work of many observers shows that often there are at this period 
changes amounting to over 100 per cent On the other hand, the 
changes m the bile ivere A'eiy striking The average cholesterol content 
of the bile of the other three animals was 11 per cent, while that of 
the animal w ho went through the pregnanc}’^ was 25 7 per cent The 
average amount excreted daily by the controls was 18 5 mg while the 
pregnant animal excreted 42 1 per cent dailj' The total excretion of 
the controls averaged 1,359 mg while that of the pregnant animal was 
4,229 These figures would be even more striking if the period studied 
included only the month before and the month after labor It appears, 
therefore, that the cholesterol in the bile is increased at least threefold 
during the latter part of pregnane}^ and the month succeeding it 

In the dog the period of gestation is twelve weeks Judging by the 
size and development of the fetuses they were about 8 weeks old, i e , 
one month premature The litter of seven weighed 1,960 Gm (not 
including ammotic fluid and placenta, uhich were lost) From these 
fetuses 3 46 Gm of cholesterol was extracted, a figure corresponding 
to about the normal percentage in blood From table 4 it can be seen 
that the rise m bile cholesterol began at about the middle of the preg- 
nancy and lasted for an equal period after deliver}^ Thus, applied to 
the human being, these figures should be multiplied by 3, the ratio 
of the two periods of gestation 

86 Gamiiorough, H A Studv of So-Called Lipoid Nephrosis, Quart J kfed 
23 101, 1930 Fox, F W The Composition of Human Bile and Its Bearing 

upon Sterol Metabolism, ibid 21 107, 1927 _ 

87 Pribram, E C Zur Frage des Cholesterinstoffwechsels wahrend der 
Schwangerschaft und im Wochenbelt, Arch f G>nak 120 90, 1923 






Fig 6 — Photomicrograph (X 18?4) of bone from a dog which survived fifteen 
months with complete biliary obstruction Note the complete absence of osteo- 
porosis 
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any fuither secretion of bile salts is clue to conveision of food into 
bile salts (the protein fraction, according to them) Whipple and his 
co-workers showed that the addition of fresh meat (liver, kidney or 
muscle) was the most potent m increasing the output of bile salts On 
such diets the dogs excreted fiom 200 to 300 mg per kilogram per day 
Considerably less effective was egg or milk protein, while on diets of 
pancreas and fish (including the salmon bread) the daily excretion 
usually lan about 100 mg per kilogiam per day Addition of carbo- 
hydrate had little or no influence on the output of bile acids, and on a 
purely carbohydrate diet the excretion stayed about the fasting level 
Under these conditions the bile w’as highly colored, sticky and thin 

These findings in dogs wuth adjui'ant feedings are strikingly different 
tioin those in oui animals in which the deprivation of bile was total and 
a progiessive emaciation w'as taking place The average dog put out 
but 309 mg of bile acids per hundred cubic centimeters of bile, although 
the figuies for the individual dogs at various times varied as much as 
1,000 per cent These huge unexplainable fluctuations are a common- 
place finding in all studies on bile and necessitate prolonged averages 
m order that definite interpretations of any given phenomenon may 
be made This average is only about from one half to one third of 
the normal content ^If measured as amounts excreted per day the 
average is 456 mg per dog per da}^ a figure equally low^ Most of 
Whipple's results are expressed as milligrams per kilogram per day, 
and the average of our entire senes was 34 4 mg per kilogram per day 
This lies wuthm the fasting range or the range of “endogenous” bile 
salts, as reported by ^^'hIpple and his co-ivorkers, and makes it deal 
that there is a much greater fall in the bile acid content of the bile 
than in its volume or in any other of its constituents Here again we 
find the wide (tenfold) dad} variations, but there is a very clear ten- 
dency foi each dog to run on its owm individual lerel This has also 
been commented on by ^Vhlpple 

It IS interesting how^evei to note that there w^as no progressive fall 
in the acids of the bile as the emaciation progiessed (tables 1 to 4) 
The values calculated m the early stages are comparalde to those cal- 
culated latei Even in the terminal stages tw^o of the dogs had higher 
concentrations of bile acids and a higher output of bde acids pei kilo 
gram per da} than immediately after the operation This is dearl} 
indicative of the fact that there is no lack of this molecule in the body, 
and that it is impossible to assign lack of bile acids to a prominent place 

in the etiology of biliary cachexia 

It has been stated by some that administration of wosterol ivoidd 
inciease the acids m the bde This was tried on two of our animals 
in the terminal stages (last month) One of these dogs had the highest 
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figures in tables 1 to 4 must be interpreted in this light Nevertheless, 
even allowing for such enois in method, it is seen at once that there 
IS most decidedly not a lack of steiols that could possibl} be interpreted 
as “sterol starvation ” The blood cholesterol tends to be slightly lower 
in the lattei periods of cachexia, but significant falls are totally absent 
In all the dogs the levels of blood cholesteiol fell within the lower limits 
of normal, and m two of them a higher level was found dm mg the last 
month of life than in the controls before operation 

The phenomenon of the Esfeistiac, which recently was explained 
by Gardner and Gainsborough,®® was not evident in our studies as 
the experimental peiiods were too shoit It is well known that at the 
onset of either obstructive jaundice or biliary fistula there is a fall m 
the blood cholesterol, which later returns to a normal leiel and still 
later to levels about 50 per cent above normal This is due to the loss 
of the absoibing power from lack of bile m the intestinal tiact and to 
the consequent fall m the cholesterol esters to almost zeio The more 
recent work of Garside®^ on the other hand, showed a distinct rise in 
the early stages The failure of our animals to show h} percholesteremia 
in the later stages of the cachexia is a point of special interest which 
will be noted later 

Further fluctuations in the later stages of the cachexia aie probably 
related to periods of starvation from distaste foi food It has been 
known for many years that starvation is a most potent factor m raising 
the blood cholesterol, and this phenomenon is quite characteristic of 
so-called war edema and hunger edema At an) rate, there is no indi- 
cation from an}f of our studies that the dogs at any time had hypo- 
cholestei emia 

The cholesterol in the bile showed similar fluctuations wdnch are 
only in part accounted for These changes are not related to changes 
in the rate of secietion of the bile or in its concentration, or to the rate 
of secretion or to the concentration of the bile salts Figures 8 and 9 
give a graphic representation of data gathered from tables 1 to 4 
W^hethei one calculates the percentage of cholesterol in the bile or mea- 
sures the amount secreted per day, it can be seen that the fluctuations 
are wade and apparentl) inexplicable However, the curves in general 
do not show any evidence of lack of sterols m the organism In some 
cases concentrations and rates of excretion are higher tow^ard the end 
of the experiments, w’hen the cachexia is extreme and in others they 
The concentration of cholesterol in the bile of the dog 

S3 Gardner, T A, and Gainsborough, H Blood Cholesterol Studies in 
Bilnr\ and Hepatic Disease, Quart T Med 23 465, 1930 

84 Garsido, E Effect of Complete Bihara Fistula on Blood Cholesterol, 
Proc Soc 1 \per Biol vk ^ted 28 336, 1930 
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leadity absorbed Evidence of synthesis of sterols in the body on any 
scale proportionate to the amounts daily excreted is totally lacking, but 
such a process on a very small scale cannot be denied How impoitant 
these small amounts may be is cleai from a consideration of the fat- 
soluble vitamins and the profound physiologic events dependent on the 
presence of infinitesimal amounts of them For a more complete dis- 
cussion of these phenomena reference must be made to the elaborate 
studies of Windaus and of Wieland Suffice it to sav that no one has 
ever isolated from protein carbohydiate or fat any substance which in 
the least lesembles the cholic acid radical fundamental to this group 
How the plants manufacture sterols is not clear except for the undoubted 
fact that the yeasts build it out of carbohydrates The reports of 
Whipple and his associates on the influence of carbohydrate in the 
deci easing of bile salts m the bile may have a bearing on this subject 
On the other hand, Smith and Whipple showed that ingestion of 
protein increases the acids in the bile and attributed this to an oiigin 


Table S — Data on the Total Steiol Balance m Eoiii Dogs foi from Fotn 
and One-Half to Five Months Each 


IntnLc 

Output 



Bile acids (bile) 

235 301 


Cholesterol (bile) 

7,831 


Cholesterol (feces) 

7,009 


Correction for about 25 per cent loss of feces 

1,752 (estimate) 

Total (food) 252,570 ing 

Total 

251909 


of the sterol molecule from the products of protein disintegration, assign- 
ing to the animal bodj^ an ability to sjmthesize these pyrrol ring 
pioducts It seems more logical to us to assume that the reason inges- 
tion of piotem increases the acids m the bile is that they are combined 
with either tauiine or ammo-acetic acid and that this is a method of 
eliminating these ladicals 

In view of these facts it is mteiesting to study the sterol balance 
m biliary cachexia Unfortunately our balance is not complete on 
account of the loss of stools, but a geneial idea may be arrived at and 
this loss allowed for, especially as the figure appears negligible m com- 
parison wnth other far greater ones in the table (table 8) Allo^^ance 
must also be made for the great inaccuracy of colorimetric methods of 
anatysis as discussed However, the very large number of estimation- 
tend to balance themselves and at least partial!}'’ to eliminate the error, 
and for this leason the average results should be best for study 

It can be seen that about 65 Gm of sterol w'as ingested by our dogs 
in the experimental periods of from four to five months Practicallv a 
the stei ol is absorbable, as the amounts of sitosterol m bread are ven 




BISSELL-AN DREWS— ACHOLIC CACHEXIA 


661 


RELATIONS TO PREGNANCY 

One of the dogs (no 959) had a litter of seven premature pups 
on the seventeenth day after the experiment began, and an unusual 
opportunity was thus offered to study the much disputed question as 
to the relation of piegnancy to cholesterol metabolism The much 
greater incidence of disease of the gall tract m women and its close 
association with the pueiperium have long been known More lecently 



9 Gnph showing the blood cholesterol cur\es of the dogs as given in 
tallies 1 to 4 The dash line indicates dog 940, the dot and dash dog 958, the 
solid hue dog 959, and the dotted line dog 960 


the associ ition of piegnanc)' with htpeicholesteiemia appeared to com- 
plete the eMdence and the attiactue theoiv was offered that gallstones 
<11 e caused bt an merflow of cholesterol into the bile, with consequent 
ci \ stalhr ition ot the supei saturated solution®'’ Howeaer, as has been 

85 ^fcNce, T \\ Zur Frage des Cholesteringehalts der Galle wahrend der 
Schwangerschaft, Dmtsche med \\ chnschr 39 994 1913 
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Deyond doubt that cholesterol may be synthesized by the mammalian 
organism If, then, our studies of balance appear to indicate that suffi- 
cient sterols have been ingested to account for all the excretion in the 
case of a biliary fistula, the suggestion may be made that in this con- 
dition the synthesis of sterols ceases as the results are far different from 
those in the normal person 

If, then, the sterol metabolism is at a standstill, except for the 
suggested oxidation of cholesterol into bile salts, a readily soluble and 
excretable substance, it seems that we have at hand a rational explana- 
tion of the close similarit}' of the manifestations of acholic cachexia and 
avitaminosis It also explains why in the total absence of bile from the 
stools some observers have reported benefit from viosterol and others 
not, and udi}’’ the ingestion or even injection of viosterol into the dogs 
in the present stud}' was of no avail, there being no means to transport 
or use it even when injected 

The disturbances or total interruption of the enterohepatic circula- 
tion of bile salts in jaundice is tolerated far better than biliary drainage, 
and, according to this assumption, it should be 

SUMMARY 

A simple method of producing biliary fistula is desciibed By using 
this method we hai'e had dogs survne considerably longer than they 
ha^e after the use of any method previously reported on uithout 
adjuvant administration of bile, bile salts liver, salmon bread, etc 

Anemia, osteoporosis or gastroduodenal ulceration did not develop 

The dogs did not manifest any lack of cholesterol or of bile salts 
m the body 

Their lives were not prolonged by the administration of vitamin D 
subcutaneously 

They did not exhibit “fat starvation ” 

Suggestive evidence is brought out that in the presence of a biliary 
fistula the bile salts are dern'cd from the ingested cholesterol 

CONCLUSION 

Achohc cachexia is not due to the absence of bile from the intestinal 
tract with consequent inability to absorb any specific food or vitamin 
It IS due to a disordered internal metabolism of sterols which inhibits 
proper utilization of them 



BISSELL-ANDREWS—iCHOLlC CACHEXIA 


663 


On the other hand, theie was no corresponding inciease in the bile 
secreted, nor was there any rise in the bile acids The bile acids of 
the pregnant dog averaged 266 mg per hundred cubic centimeters, while 
three other dogs shouted bile acid averaging 268, 346 and 453 mg , 
respectively Thus, if anything, the level of the bile acids w^as lower 
although still easily wnthm the limits of normal fluctuations As a con- 
sequence theie w'as an extended period in wdiich the bile acid-choksterol 
ratio was far below^ the critical point of 13 It has been previously 
reported by Andrew's, Schoenheimei and Hrdina that it took about 
13 molecules of bile acids to hold 1 molecule of cholesterol in solution, 
and that if the ratio of the two w'as less than that figure, precipitation 
of the cholesterol w'as imminent Unfortunately this bile w'as not 
examined for crystals before it w'as preserved m alcohol, as the chemi- 
cal determinations were not made until after the conclusion of the 
experiment These are the only figures that have come to our atten- 
tion in w'hich bile definitely supersaturated w’as secreted by the luer, 
as previous attempts to study this problem m dogs by variations m diet 
etc , had always showm that such a condition w'as due to the action of 
the gallbladder 

The effects of pregnancy on the other observations w'ere ml The 
blood calcium, blood fats and general progress , of the cachexia were 
unchanged One other point, however, is worth noting Immediately 
after the litter was born a moderate degree of anemia der eloped, possibly 
due to liemorrhage at parturition Two days after deliver)' the red blood 
cell count w'as 3,240,000 and the hemoglobin content 70 per cent Within 
five days the red cell count had gone up to 5,160,000 and four da)s 
later to 5,720,000 There was no such prompt regeneration of the hemo- 
globin This seems a striking example of the ability of the dog w'lth 
a biliary fistula to regenerate blood, even in the absence of any specific 
ad3uvant, and has direct bearing on the problem of anemia previously 
discussed 

BILE SALTS 

The output of bile salts of our dogs was considerably lower than 
that usuall) reported for animals which w'ere well fed throughout the 
experiment Whipple and his associates show'ed that a dog kept m 
good condition by bile salmon bread etc will put out from 30 to 40 
mg of bile salts per kilogram of bodv weight per day under fasting 
conditions This they assumed to be the “endogenous” bile salts i e , 
those denied from the breakdown of bod) proteins The) stated that 

88 (fl) Smtfh H P Groth, A H , and Whipple, G H Bile Silt Metabo- 
liMti I Control Diets Afethods md Pasting Output J Biol Chem 80 659 1928 

, f ^ ^ H Silt Alctibolisni II Influence of Aleat 

kxtnctiies Luer ind Kidne\, Egg Yolk and Yeist in Diet, ibid 80 
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Topeka, a genera! practitioner He took roentgenograms 
and told her parents tliat she had a sarcoma He prescribed roentgen ray treatments 
which she received for o\er a year She seemed to be getting norse, so she was 
finally taken to Dr Francisco, at Kansas City Roentgenograms were again 
taken, but the diagnosis was bone cyst Simple immobilization was instituted, 
first with a cast and later with a brace About four and one-half years before 
the onset of the present illness she was pronounced cured, and the brace was dis- 
carded She had no further trouble until the present illness During this intenal 
she was normal and active 

No important details were elicited in the family historv of this patient The 
parents were approximately 30 vears of age when the child was born Under the 
functional inquir}^ it was noted that the patient was somewhat listless, drowsy and 
inclined to be stupid and that this was of recent de\elopment No other points 
of an 3 >- consequence were brought forth 


E-taiiiiiia/ioii — Ph 3 'sical examination reiealed a fairl 3 well developed girl, who 
was not acutel 3 ill She did not complain of pam directh No deformities of the 
head were noticed, no tenderness was present o^er the sinus regions, no rash uas 
present over the face or neck The conjunctivae were shght ]3 pale, the scleras 
were normal , the muscles of the eyes were normal The pupils were round and 
equal and reacted to light and in accommodation Examination of the ears and 
mouth did not reveal 303 ^ pathologic condition, nor did that of the neck or chest 
The heart and lungs were perfectly normal Examination of the abdomen also 
failed to reveal any pathologic condition 

There was a peculiar, rather fusiform swelling of the right leg, from just below 
the knee to the middle third of the leg There was definite but not severe tender- 
ness to pressure in the region, the point of maximum tenderness being a little 
below the metaphysis Sw’'elhng and tenderness were most prominent over the 
anteromedial aspect The mass was not particularl 3 warm but w'as perceptibK 
warmer than the other areas of the leg It was not hard, ^et not fluctuant or 
C 3 Stic It was not soft, but rather of a semisoft consistenc 3 

Examination of the urine revealed no definite pathologic findings The exami- 
nation of the blood showed 81 per cent hemoglobin, 5,730 000 red cells, 7,500 white 
cells and a normal differential count The Wassermann reaction was negative, 
as was the Kahn reaction 

Anteroposterior and lateral roentgenograms of the leg show'ed an extensne 
process involving over half of the shaft of the right tibia There w'as a peculiar 
W00II3'' appearance of the bone as a W'hole There was erosion of the tibia on the 
anteromedial aspect of the upper part of the shaft, just below the metaphysis 
There was evidence of periosteal reaction, m certain areas a sunray effect could be 
made out, as if spicules were laid dowm at right angles to the line of bone 

The clinical diagnosis made by the orthopedist was osteogenic sarcoma of the 
right tibia The roentgenologist, however, diagnosed the condition as low grade 
chronic osteomyelitis The parents were advused of the discrepanc 5 in the views 
of the orthopedist and roentgenologist and were urged to accept exploration A 
conjoint meeting of the orthopedist, the roentgenologist and the pathologist was 
arranged to occur in the operating room the next dav 

On Dec 20, 1934, a simple exploration was performed klacroscopicallj the 
tissues resembled sarcomatous tissue rather than granulation (or cystic tissue) 
The roentgenologist stated that if the clinical and pathologic diagnosis was 
osteogenic sarcoma, the roentgenogram could be well interpreted as ^ 
osteogenic sarcoma A rapid frozen section w'as made b\ the pathologist ( 

L Lattimore), who made a diagnosis of osteogenic sarcoma 
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elevation ot bile salts dm mg the entiie peiiod and the othei showed 
the lowest peieentage of bile acids In fact, this dog was the onh 
one m which a pi o found teimmal diop occuiied 

The bile salt-cholestei ol latio as discussed lan, except in the pieg- 
nant dog, m the lange pieviouslv lepoited by us foi dogs, i e, from 
30 to 70 This IS consideiably highci than that found m man, who 
usually has a bile salt-cholesteiol ratio of fiom 20 to 40'’'’ Thus it 
seems suggestive that when theie is a disturbance m the metabolism 
cf one constituent because of the biliarN fistula the other is affected m 
about the same degiee The appaient excretion of one in the same 
ratio as the other suggests that theic is a common oiigin and that the 
excretion of the two is m some waj con elated 

THE STFROE RVLAXCC 

The origins of the sterols m the bod} have been the source of con- 
siderable discussion Any consideiation of sterols must include with 
them the bile acids the chemical constitution of which is so similar in 
spite of the utterly difteient properties A consideration of the accom- 
panying illustration of the stiuctural foimulas of repiesentatnes of the 
two groups makes it clear that the relationship is a close one It might be 
expressed by saying that bile acids are the coi responding fatty acids 
of the sterol monohydne alcohols (although this is not a strict rela- 
tionship) Furthermore, it seems that, as a catabolic phenomenon, the 
bile acids might be expected to be derived from the cholesterols b} some 
process of oxidation This possibilit} is further supported b} the fact 
that wdiile no bile acids are ingested in the ordinary course of e\ents, 
most diets contain an abundance of sterols 

While the intricacies of sterol metabolism cannot be discussed here, 
a few' salient points may be brought out One often wonders why the 
term “sterol metabolism” is used wdien nothing is know n of any changes 
that occur m the molecule after absorption, except for the finding of 
di-hydrocholesterol in the stools aftei ingestion of othei sterols No 
products of the oxidation of sterols have eier been recognized and 
no substances found which may be looked on as building stones m its 
synthesis Fiom the series of studies of Sclioenhenner it is clear 
that plant sterols are totally unabsorbable from the mammalian gastro- 
intestinal tract How'ever, if they aie irradiated (as ergosterol) rapid 
absoiption takes place Ingested sterols of animal oiigin may be 

89 Andrews, ScVioenheimer and Hrdina"^ Neuman, C E Beitrage zum 
Studium der GallenniederschHge und Gallensteinbildung, Beitr z path Anat u z 
allg Path 84 187, 1931 Ravdin, I S Riegcl, C Johnston, C G , and klornson, 
P J Studies in Biliarr Tract Disease, JAMA. 103 1504 (Nor 17) 1934 

90 Schoenlieimer, R Newer Contributions to Sterol ^Metabolism Science 
74 579, 1931 
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pa hologist stated that grossly the tumor was of an irregular, fusiform shape and 
measured 18 cm m total length and 8 cm in ividth at its greatest diameter It 
was cmered by the deep or vaginal fascia, which apparently formed an uninter- 
rupted thick capsule over the underling tumor On the anterior aspect of the 
tumor there was a surgical incision about 5 cm m length, and from the incision 
the neoplastic tissue was bulging out In cutting the section, the knife encountered 
resistance, like that offered bv' cartilage The surface of the section was grayish 
red, with a transparency similar to that of articular cartilage No large vessels 
W'ere present, and the tissue showed few hemorrhagic areas which could be 
attributed to vessels in the tumor When the bone was cut longitudinalh , the 
tumor was seen to extend from the metaphvsis (which itself seemed to have ’been 
the site of an old fracture) dowmward to the segment corresponding grossly to the 



Fig 2 — A high power photomicrograph of the section made from the tissue 


distal margin of the middle third of the bone However, the medullari caml 
presented an extension of the tumor below the margin just described 

Although the periosteum seemed intact, particularly at the upper limit of the 
tumor, in the vicinity of the metaphysis, it seemed in direct continuity with the 
tumor tissue, and no separation of the two was possible in this locality Also in 
the metaphv'seal region, the bone was soft and rarefied, ard m its central portion it 
could be scraped out with a knife This was probably the zone which had given 
the impression of a bone cyst in the roentgenograms Figure 1 illustrates various 
views of the gross specimen, including a longitudinal section through it 

Miaosco/iic Evammatwn— Under the high power of the microscope, the tumor 
tissue was found to be made up chiefly of large capsulated cells, which had the 
characteristics of hyaline cartilage cells There was no uniformitv m the size of 
the cells, so that in the same field one could see verv large cells with rather large 
nuclei and small cells with pv^knotic nuclei Two nuclei were often observe m 
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small and the steiols aie mostl}' cleiived fiom the laid used in its manu- 
factuie In this peiiod, theie weie excieted in the bile about 2 Gm 
and in the stools about the same amount, which should piobably be 
doubled oi tiipled to allow loi losses This is especially tiue if one 
recalls Speii}’s‘’^ expeiiments indicating that the amount of cholesteiol 
111 the stools IS inci eased in the piesence of a biliaiy fistula on account 
of incomplete absoiption Fuitheimoie, oui estimations of cholesteiol 
were made by a coloiimetnc method which did not show the coprosteiol 
which makes up much of the fecal lipoids Against this then, one may 
balance the loss of bile acids to the extent of about 59 Gm which 
comes lemaikably close to the establishment of a balance One is 
tempted to assume that this amount of ingested cholesteiol has been 
converted into bile acids 

If this IS true the diiect implication is that in the presence of biliaiy 
fistula at least the body does not simthesize steiol, neithei cholesterol 
nor bile acids The impoitance of this may not be veiy great If the 
synthesis of sterols ceases, it is clear that the metabolism of this mole- 
cule is at a standstill Considerable eiidence is at hand that the foim 
of cholesteiol and othei absoibable steiols is not unchanged within the 
body The conversion of the inactive ergosterol into the active foim by 
sunlight IS simply a change m isomeiism, and many observeis believe 
that comparable changes m the body sterols take place, and that the 
cholesterols found in the blood, bile, cell w'alls, etc, aie not by any 
means identical optically, even if they aie chemically, w'hich m turn is 
uncertain Even the transpoit of such substances within the body is 
difficult to understand m view^ of then extieme insolubility not only 
in w'atei but m most body fluids In bile they aie held m solution, as 
Andrews, Schoenheimei and Hrdina have showm, in a chemical com- 
bination wuth the bile salts In the blood protein is probably the earner 
(Cholesterol is insoluble m blood and a chemical combination appears 
necessary ) Recent studies by Gaidnti and Fox,”" Thannhauser and 
Schaber,®® Beumer and Lehmann and Randles and Knudson showed 

91 Sperry, W M Lipid Excretion IV A Study of the Relationship of 
Bile to the Fecal Lipids with Special Reference to Certain Problems of Sterol 
Metabolism, J Biol Chem 71 351, 1927 

92 Gardner, J A , and Fox, F W On the Origin and Destin 3 of Cholesterol 
in the Animal Organism XII On the Excretion of Sterols m Man, Proc Roy 
Soc London, s B 92 358, 1921 Fox, F W The Origin and Destiny of 
Cholesterol in the Animal Body XIV The Cholesterol Metabolism m Normal 
Breast Fed Infants, ibid 98 76, 1925 

93 Thannhauser, S J , and Schaber H Kann der tiensche Orgamsmus 
Cholesterm svnthetisieren? Ztschr f physiol Chem 127 278, 1923 

94 Beumer, H , and Lehmann, F Ueber die Cholestennbildung im Tier- 
korper, Ztschr f d ges exper Med 37 274, 1923 

95 Randles, F S , and Knudson, A Studies on Cholesterol I Synthesis of 
Cliolcsterol in the Animal Body, J Biol Chem 66 459, 1925 
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It was noted that when the child was nine months old she slipped 
and fell leceiving a definite injuiy to the leg Although the parents 
stated that theie ma} har^e been some defoinnty at that time, this is 
questionable Ceitainly, it was not defoimity but pain which made them 
suspicious Conservative tieatment was tiled for six months, but had 
no effect in lessening the pain The child was therefoi e taken to Di Van 
Home, at Topeka, uhen she was 15 months old Roentgenograms at 
that time caused Di Van Horne to make a diagnosis of saicoma, but his 



Fig 4 — The final anteiopostenor and lateral Mews, taken Dec 19, 1934, when 
the tumor was diagnosed finally as an osteogenic sarcoma 


description to the parents was so chaiacteiistic (“the loentgenogiains 
showed a soap-bubble effect in the uppei end of the bone”) that one 
does not doubt that he saw the same picture which Di Fiancisco found 
later Roentgen la}" treatment had no effect in controlling the condition, 
and again the symptom which caused them to seek furthei help was 
pain No definite deformity was desciibed at that time 

The child uas appioximatel}' 3 j^eais old when she was first seen bv 
Di Fiancisco, and at that time no gross defoimit}’' uas noted There 


MALIGNANT DEGENERATION OF A BENIGN 
BONE CYST’ 


C B m \\ CISCO, MD 

Professor of Orthopedic Surgcrj, Unuersity ot Kansas 
KANSAS cm, KAN 

AND 

M E PUSIIZ, MD 

Orthopedic Surgeon, Kansas Crippled Children’s Coniniission 

AND 

MICHELE GERUNDO, MD 
Pathologist, Topeka State Hospital 

TOPFKA, KAN 

The follo\Mng case is lepoited foi seveial icasons hust, as fat as 
we could asceitam a malignant change in a benign bone evst has nevei 
been leported m the woild hteiatuie Second, a benign bone cyst in 
a child before it has begun to walk is a lanty Thud, team-woik 
between surgeon, pathologist and loentgenologist and also between 
surgeon and surgeon is a necessity in developing the complete history 
and progress of an individual case 

REPORT or A CASE 

Hisfoiy — I M, aged 9 years, was referred to the clinic of Dr Pusitz on 
Dec 18, 1934, by Dr Brethauer of Alta Vista, Kan, with the essential complaint 
of pain and swelling in the upper part of the right leg 

The history was that about three months before, while placing with other chil 
dren in school, she was kicked on her leg She did not have anv immediate trouble , 
so the incident was forgotten Shortly after this, however, she began to complain 
of slight pain, especially after being on her feet any length of time In fact, the 
pam was present only when she walked Rest gave relief There w'as no pain 
during the night, and she slept w'ell The weather had no definite effect on the 
condition About one month before she came to the clinic, she was seen bv her 
family physician, who detected some swelling m the upper part of the right leg 
This had not increased much in size Whereas iormer]y she had always been a 
rather active child, she seemed to have lost her “pep” There had been no chills 
or fever During the last week or so the tumor had become perceptibly warm 
, Because it was believed that she possibly had an infection of the bone, she was 
referred to the orthopedic clinic at Topeka 

She had had the ordinary diseases of childhood At the age of 9 months, when 
she was beginning to walk, she slipped on a wet floor and hurt her leg She 
complained of pain, but there was no swelling at the time There was some slight 
deformity The family phjsician told her parents that there might be a crack in 
the bone The pain later became a prominent symptom, especially after she had 
tried to walk for some time Because the pain increased in severity, she was taken 


From the seriice of the Kansas Crippled Children’s Commission 
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Callus IS the lesult of a pioductive pi ocess Clearly, along with this 
pioductive phenomenon there must be a letiogiessive oi absorptive 
change to give a C3stic appearance If this had been such a change, one 
Mould hardly expect the contoui of the bone to be so iegular,’and 
certainly m the eaily stages there would have been evidence of a bieak 
But it Mas not until June 7, 1928, that definite evidence of a pathologic 
fiactuie M^as seen Even the parents cannot saj ceitainly that there 
M^as definite defoimity prioi to this 

Benign chondi oma may be considered only to be dismissed In the 
fiist place, this tumoi has an entnely diflerent distribution than has a 
benign bone cyst The groM'th is lare in peisons undei 20 yeais of age 
The clinical s}niptonis are never seveie It is practicall} restricted to 
the small bones of the hands and feet and to the articular regions of the 
spine and the sternocostal joints The roentgenogram shouts a small 
translucent aiea of laiefaction The cortical bone about the lesion is 
thinned and expanded Pathologic fracture occurs in 10 per cent of 
the cases Productive changes aie lare 

The earh stages of the condition m the case lepoited heie ceitaiiih 
Meie not those of an osteogenic saiconia and this is proved bj the 
piogiess of the case up to the dischaige of the patient bv Di Fiaiicisco 
m 1930 

There ate two othei possible conditions namel), benign bone cjst 
and giant cell tuiiioi Bone cr'st is a foini of osteitis fibiosa - (although 
this statement should be modified) and is usually found in just the location 
desci ibed in the case in question It is usuall} a sohtar} osteolytic tumor 
occuniiig in a patient undei 20 In the early stages giant cells aie 
noted in the bone tissues pathologic overactlvlt^ of these cells foi 
some leason oi othei lesulting m the formation of the cist When 
the phase of bone desti iiction ceases a stage of bone production ensues, 
especially about the peiipheiv of the tumor These two phases may 
oveilap The proliferation of the adjacent cortex and of the subperi- 
osteal lajer of osteogenic tissue (or the cambium of the periosteum) 
Mall in the aiea of cystic activity In multiloculai cysts, the veiy vails 
of the subdivisions seem to have this pOM'er as is evidenced in the 
roentgenogiams (fig 3) Especially is this process of proliferation 
enhanced when a pathologic fracture occurs This seems to hasten 
the process to complete obliteration 

Although Geschicktei - considered the benign bone cyst to be a 
variant of the giant cell tumor M'hich has healed oi is healing there 
are ceitain distinct fundamental clinical and ladiologic difterences 

2 Geschickter C F , and Copeland, M M Tumors of the Bone, New York, 
/kniencan Journal of Cancer, 1931 Recurrent and So-Called },refasta(ic Oian 
Cell Tumor, Arch Sura 20 713 (Mai) 1930 
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A.S an unquestioned diagnosis was desired, and because roentgenograms of the 
lungs w'ere desired bv the orthopedist, it was decided to do a simple biopsy for 
the present and to amputate later Since the patient had been under treatment by 
Dr Francisco, he was called into consultation 

The Instore of the case had not been gieen as clearlj as it has been presented 
in this outline, but w-ith the additions made by Dr Francisco, the complete history 
w'as aeailable His impression was that the tumor resembled an osteogenic sar- 
coma, but he thought it w'ell worth while to delay amputation so that Professor 
H ahl could make a pathologic stud\ , since the tumor had been benign before Also 
he would hesitate before calling it malignant since he could not recall any case of 
malignant change m a benign bone c\st 

The reports from Professor H R Wahl, of the Dnnersity of Kansas, Dr 
Alichele Gerundo, of the Topeka State Hospital at Topeka, Kan , and Dr J L 



1 — Various views of the macroscopic specimen carefully dissected clean 
from the overlying tissue From right to left a medial view, a posterior view, 
a lateral view and a view of longitudinal sections, the section being made antero- 
posteriorly through the entire specimen 


Lattimore, pathologist, were unanimous in pronouncing the section that of an osteo- 
chondrosarcoma 

The final diagnosis was therefore osteogenic sarcoma and immediate amputation 
to be followed by irradiation was advised The amputation was performed in 
the upper part of the thigh at the junction of the upper with the middle third, 
leaMng just enough stump to control an artificial leg The patient did exception- 
ally well after the amputation and has made a remarkable personal change She 
recened her first course of roentgen therapy and is to return for further irradia- 
tion under the supervision of the radiologist 

ilac) oscoftjc Examination — ^The gross specimen w'as dissected out carefull> 
after the amputation \ tumor was found mvohing the upper half of the tibia, 
extending all around the bone, but most apparent on the anteromedial aspect The 
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^vele no aieas of C3'^st foimation or of giant cells Geschicktei made 
the statement that there has never been lepoited a proved case of 
malignant degeneiation following a benign bone cyst He even denied 
the possibility of malignant degeneration following a giant cell tumoi 
He had at his disposal a wealth of material with all possible variations 
It IS difficult, therefoie, to deny his statement and ti}^ to prove the 
contiary Therefore, the case is left for future digestion and anal} sis, 
and the mateiial will be placed at the disposal of the registry 

SUMMARY 

A completely studied case is presented in vhich a chondiosarconia 
aiose at the site of a foimer benign bone C3"st 

Theie aie two rare featuies Fust, the fact that the foimation of 
c^ sts began when the patient fii st stai ted to u alk, and second, the 
malignant degeneiation of the C3'sts 
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one capsule Around such zones there were numerous cells of the same t>pe, but 
growing without capsules, and other cells which showed i transition toward the 
fibrous t^pe of cell In these areas blood acsscls were absent In other zones a 
mucous degeneration of tumor cells was present, which gaae the tumor a pseudo- 
nnxomatous appearance The stroma formed b\ a dense fibrous tissue, which 
in some places w'as difficult to distinguish from the tumor tissue itself, contained 
few' aessels and some occasional hemorrhagic areas It seemed to originate from 
the fascia, the prolongations of which, penetrating into the tumor tissue itself, gate 
to It a coarse lobnlated appearance Mam cells w'ere observed in tarious stages 
of dnisioii, and numerous mitotic figures were noted Figure 2 illustrates a section 
of the tumor tissue higlih magnified 


Fig 3 Comparison roentgenograms In the upper row are the anteroposterior 
Mews in chronological order, in the lower row' are the lateral tiew's in chrono- 
logical order 

The pathologic diagnosis was chondrosarcoma of the tibia originating from the 
metaplnsis and extending to the diaphrsis of the bone 


C0AIar^:^T 

Although theie are gaps in the histort of this case from the mateiial 
collected from the tamih plnsician, the orthopedic surgeons and the 
parents (the geneial practitioner w'ho took the first roentgenograms is 
dead) one can form a fairh good concept of the case as a tyhole 
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As the result of lus chiucal studies, Georg Woifsohn^ expressed 
the belief and presented some eridence to show that the incidence of 
carcinoma in patients iMth gastric ulcer not treated surgically is coii- 
siderabh higher than in those treated by simple gastro-enterostom) 
He argued that eA'en though an ulcer is not removed or even completely 
healed as the result of the operation, gastro-enterostomy, in some 
manner not clearly understood, aftords a certain degree of protection 
against the later de\eIopment of carcinoma 

\\ ith regard to gastro-enterostom}’- for duodenal ulcer, reported 
instances oi gastric carcinoma de\ eloping after the operation are exceed- 
ingly rare In a stud\ ot the end-results of gastro-enterostomy in 
500 consecutne cases of duodenal ulcer Balfour - found no instance of 
carcinoma developing subsequent to the operation as the cause of aii}^ 
of the late deaths in his series 

Aftei an extensive search of the literature, I have been able to dis- 
corer only five reports of carcinoma of the gastrojejunal stoma follow- 
ing operation tor chronic duodenal ulcer By far the most comprehensn e 
case report and discussion of the matter appeared in 1932, in a paper 
b}’- Singer ^ 

Singer m discussing the lelationship between gastro-enterostomy 
and the subsequent de\elopinent of carcinoma of the stomach, presented 
a detailed report of a case of carcinoma of the gastrojejunal stoma 
occurring in a 64 year old man twehe jears after a pAlorectomy and 
posterior gastro-enterostonn for chronic duodenal ulcer At the time 
of the original operation, the patient was found to hare, in addition to 
the duodenal ulcer chronic cholec} stitis wnth extensne adhesions in the 
neighborhood Accordmgl}, in addition to the pylorectomy and gastro- 
enterostomy, a cholecystectomy w’lth lysis of adhesions w’as performed 
There was complete relief from symptoms for one jear follownng the 
operation, after which the patient began to suffer from a recurrence 
of his sMuptoms necessitating a strict dietarj’- regimen In spite of 
this the symptoms gradually increased roentgen examinations repeat- 
ed!} rcA’ealed a filling defect on the greater curvature m the distal third 
of the stomach, and the diagnosis of carcinoma of the gastrojejunal 
stoma was suggested b}^ the roentgenologist A laparotomy disclosed 
a soft, irregular mass in the region of the anastomasis The gastro- 
enterostom} anastomosis rras eliminated the portion of the stomach 
containing the tumor aabs resected and the operation w'as concluded 
according to the Billroth II method Death occurred tA\ o da} s later 

4 ■\\'’oIfsohn, Georg Ueber Magenkarzmom nach Gastroenterostomien 

wegen Ulkus Deutsche med tVehnsehr S4 10/9 (Tune 29) 1928 ^ 

5 Singer, Harn A Carcinoma of the Gastrojejunal Stoma Following 
Operation for Peptic Ulcer, Arch Int iled 49 429 (March) 1932 
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IS available the clinical histoiy of the case fiom then until June 25, 1930 
Dr Francisco’s senes of loentgenogiams, along with those taken in 
Topeka in Decembei 1934 aie illustiated in a comparative mannei m 
figuie 3 

Alltel oposterioi and lateial i oentgenogi ains of the light tibia, taken 
on April 4, 1928, showed a multiloculai cystic appeal ance of the uppei 
end of the tibia This began at oi just below the metaphyseal end of 
the diaphysis and did not extend upward at all, so that the lesion did 
not affect the epiphyseal line Aieas of scleiosis were seen already 
lining some of the cystic cavities The aiea of involvement extended 
downward foi about one-third, oi less, of the length of the shaft of 
the bone 

Simdai views taken June 7, 1928, showed somewhat the same 
features except that there seems to have been a mild pathologic fiactuie 
The antenoi wall of a laige cistic aiea at the extieme anteiioi poition 
of the bone had been entiiely absorbed There was a sort of buckling 
m this region, causing an effect of hypei extension The pathologic 
condition, how'evet , w^as all below' the epiphyseal line Thei e w'as much 
evidence of bone production, although the process did seem to have 
extended dowmvard slightly Theie w'as definite evidence of a patho- 
logic fiacture at that tune The parents also stated that from that 
time on they noted deformity in the upper pait of the leg 

The loentgenogiams taken on Sept 22, 1928, show’ed still further 
condensation of bone, and those taken on Jan 21, 1929, indicated a 
continuation of the process The same may be said of those taken on 
Aug 6, 1929 On June 25, 1930, the roentgenograms show'ed almost 
complete obhteiatioii of the cystic cavities, with much condensation of 
the bone It was at that time that the patient was discharged b) 
Dr Francisco as cured of the bone cyst No fuithei trouble was 
encountered until the present illness began 

DirFERUNTIAL DIAGNOSIS 

If It were not foi the malignant termination of the case, the only 
tenable diagnosis w'ould be benign bone cyst However certain con- 
ditions must be thought of in the differ ential diagnosis, although in oui 
opinion they can all be ruled out in favor of benign bone cyst 

Going back in the history, we found that a trauma of fairly severe 
nature had been sustained by the child The question comes up as to 
whethei or not she had a fracture at that time Continental writers,’- 
especially Italian, have spoken of a “softening of callus” wdiich may 
result in areas of absorption so as to simulate the formation of cysts 

1 Jeannener, G Les tumeurs des os. Pans, Masson & Cie, 1932 Uffreduzzi, 
O Trattato di patologica chirurgica generale e speciale, Torino, Unione tipo- 
grafica editnce Toiinese, 1933, vol 1 
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iumen j\I ici oscopicall}'' it pioved to be caicinoma, and there were 
iTietastases m the livei , esophagus and regional lymph nodes 

Beatson ® i epoi ted the case of a 52 yeai old man who came under 
obseiAation with the complaints of vomiting, diarrhea, epigastric pain 
and abdominal tuinoi Eleven years previously a gastro-enterostom}^ 
had been pei formed for a “dilated stomach” (possibly due to a pyloric 
ulcei) He was well foi eight or nine years, after which his health 
began to fail A second lapaiotomy was performed, and a carcinomatous 
mass was found on the lessei cuivature, sti etching down the posterior 
wall and invohung the new gasti o-enterostomy opening Owing to the 
piesence of metastases, nothing was done He died twelve years after 
the first operation Necropsy showed a firm mass occupying the pyloric 
poition of the stomach The gasti o-enterostomy stoma was surrounded 
by the ulcerated new giontli, with obstruction of the efferent jejunal 
loop Alicioscopically the lesion proi'^ed to be an adenocarcinoma of 
<^lie stomach 

Beatson offered two possible inteipretations of the findings in this 
case The fiist assumed that the original gastro-enterostomy was done 
foi pyloric obstuiction due to a gasti ic ulcer near the pjdorus and that 
subsequently this ulcer had become malignant and in the course of its 
giowth had extended into the gastro-enterostomy opening His second 
explanation was that the malignant lesion had started m the nail of 
the gasti o-enterostoniy wound on the gasti ic side and by extension had 
involved the pjlorus The fiist view seems the more tenable 

To the cases just cited I am able to add a verified case of carcinoma 
of the gastrojejunal stoma occurring in a man of 49 seven years after a 
von Eiselsbeig exclusion opeiation foi chronic duodenal ulcer 

REPORT OF A CASE 

Histoiy — Mr T T, a Czecho-SJovakian factory worker aged 42, was 
admitted to the University Hospital on Aug 8, 1927, with the complaint of “pain 
m the stomach” The family history was excellent, there being no history of 
malignant disease The past history of the patient was essentially unimportant The 
patient had enjoyed good health until about one and one-half years before admis- 
sion to the hospital, when he began to be troubled with severe epigastric pain, 
which became progressively worse The pain usually started in the right lower 
quadrant and radiated to the right upper quadrant and over to the midhne Fre- 
quently it began in the epigastrium and radiated to the right lower quadrant The 
pain came on from one to one and one-half hours after meals and was often fol- 
lowed by vomiting, w'hich afforded some relief He W'as unable to sa> whether 
food or soda would relieve the pain There had been a loss of weight of 24 pounds 
(10 8 Kg) during the preceding few' months 

9 Beatson, George T Carcinoma of the Stomach After Gastrojejunostomv, 
Brit M J 1 15 (Jan 2) 1926 
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Fust, a £^iant cell tumoi is a sohtaiy osteolytic tumoi occuiiing m adults 
lathei than in the youngei gioups It is a piogiessive type of lesion 
and shows in the i oentgenogi am as a circumsciibed, bone-desti uctive 
lesion occuinng in the epiphjsis It usually shows a globular, 
tiabeculated aiea of raief action, which is as} inmetrical in position It 
usually begins subcoi tically at one side of the epijihysis and gradually 
woiks Its way towaid the centei, aftectmg the cancellous bone as it 
does so Theiefore, even though the histologic histoiy of the benign 
bone c}st and that of the giant cell tumoi may usually be the same, 
clmically and loentgenologically they aie difleient It is impoitant to 
note that roentgen lay theiapy has a lemaikable effect on a giant cell 
tumor, wheieas it does not have this maiked effect on a benign bone 
cyst Certainh the progress in this case uould favoi the diagnosis of 
benign bone cyst lathei than one of giant cell tumoi 

TREATMENT 

It seems to us that the most impoitant element in tieatment is to 
enhance the prohfeiative acitivity While roentgen lay therapy seems 
to act veiy well m certain cases of giant cell tumoi s, it seems too vaiiable 
in Its effect on bone c\sts Recently one of us had a chance to study 
the pathologic changes in a senes of cases of bone cyst m foui diffeient 
clinics While no statistical outline was made it was noted that 
loentgen ras therapy did not give good lesults in tieatment In the 
cases 111 which pathologic fiactuie had occurred, the end-results were 
umfoimly good but the time factoi was variable, as a rule being very 
much piolonged In this case, of couise, simple immobilization had 
been instituted The best lesults, howevei, seemed to follow opeiation 
in ivhich cuiettement oi cuiettement with application of a giaft, was 
adopted Here the lesults seemed very good, and the time lequiied for 
complete obliteration of the cystic cavities i\as much less than with the 
other methods of treatment 

PROGNOSIS 

The piognosis is usually excellent for complete obliteration of the 
c}stic cavities However m certain cases years may be requned before 
the terminal healed stage is reached Recurrence is more frequent with 
conservative treatment than with surgical intervention In the case 
lepoited, it IS definitely known that the cyst was still present ovei four 
} ears aftei it was first observed During this stage there were active 
young osteogenic cells claiming the picture Can these cells assume 
malignant characteristics Certainly m this case if the previous history 
had not been caiefully and accurately obtained, the diagnosis of bone 
C}st might have been denied Especially might this be true since the 
pathologic section showed the tipical picture of chondrosaicoma There 
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Pathologic Report— R lymph node removed from the region of the stomach 
was reported by Dr A S Warthm as showing “chronic lymphadenitis, acute coi 
g^estion and edema but no neoplasm” 


Second Adnmswn— On May 18, 1934, the patient returned with the complaint 
of abdominal pain, vomiting, diarrhea, weakness and loss of weight 

He had remained well after Ins discharge from the hospital until the fall of 
1933 (si\ years) During this time he had gamed considerable weight, was able 
to work and had been entirely free from symptoms He had adhered to the 
prescribed diet for several months and then began to eat without restriction In 
the fall of 1933 diarrhea suddenly developed, the stools numbering from ten to 
twenty a daj In addition to this, for the three weeks before admission, there 
had been a dull aching epigastric pain accompanied by vomiting The pain had 



Fig 2 — Sketch made at the time of the second operation, showing the car- 
cinoma situated at the gastrojejunal ring The carcinoma completely encircles the 
stoma and is limited to the gastric side of the junction, the jejunum remaining 
unmvolved The insert shows diagrammaficall} the nature of the original opera- 
tion performed in 1927 


been aggravated by food Finally he had been able to tolerate only small quan- 
tities of milk and water He had lost 29 pounds (13 1 Kg ) in weight since these 
symptoms bad been present 

Evaimiiatwn — There was evidence of considerable loss of weight, moderate 
emphysema and an abdominal tumor attached to the old scar left by an upper right 
rectus incision The mass seemed to be about the size of a small orange and 
moved downward with respiration It was hard and firm and felt someiibat 
nodular In the left upper quadrant the outline of the distended stomach could 
clearly made out There was definite resonance on percussion over this 

The Kahn reaction of the blood was negative A blood count reveal 
hemoglobin, 75 per cent (Sahli) , ervthrocj tes, 4,550,000, leukocites, 5,800 >e 




CARCINO^IA OF THE STOMACH FOLLOWING GASTRO- 
ENTEROSTOJ^IY FOR PEPTIC LXCER 

HEKRY K R\KSOM, MD 

ANX \RBOR, MICH 

The deielopment of carcinoma of the stomach attei a gastrojejunal 
anastomosis for chronic peptic iilcei is, on the whole unusual Its 
occurrence has been obserAed chiefly m certain cases of gastric ulcer 
tor which gastro-enterostoiu} had been perfoimed Aihen, because of 
the great size, inaccessible location or extensn e fixation of the lesion, its 
removal w'ould ha^e been an excessneh difficult and hazardous undei- 
taking It IS the consensus of most present-daj writeis in consideiing 
the life history of gastric ulcer that approximately 5 pei cent of these 
benign ulcers will ultimately undergo malignant degeneration if thet 
are not healable when treated b} dietarj or other nonsmgical measuies 
It tlierefore seems reasonable to assume that, likewise gastiic ulcers 
which fail to heal after an indirect hpe of operation such as gastro- 
enterostoniA, should show similar tendencies lean \'ainier’- estimated 
that carcinoma will ultimate!} deAclop in from 2 to 5 per cent of the 
cases 111 which gastro-enterostomi is performed for gastric ulcei 
Some eiidence on this score ma) be obtained fiom a stud} of the 
statistics from the !Ma}o Clinic- There it has been found that in the 
cases of gastric ulcer dealt with b} gastro-enterostoni} alone the death 
rate during the hie }ear period following operation was two and 
one-half times as great as the death rate m a similai number of peisons 
in the general population Likewise during the first }ear after opeiation 
the death rate was 17 per cent m the group of patients with gastric 
ulcer in contrast to 5 per cent in the gioup of patients wnth duodenal 
ulcer treated bv gastro-entei ostomi ® It seems probable that malignant 
transformation is responsible, in part at least foi this higher death 
’■ate m the patients with gastiic ulcei 

From the Department of Surgery, Unnersitj of ^Michigan 

1 Varnier, Jean Le cancer de I’estomac chez le"; ulcereux ga^tnques operes 
par gastro-enterostomie, Pans med 2 93 (JuK 29) 1933 

2 Balfour, Donald C Results of Gastro-Enterostonw for Ulcer of the 
Duodenum and Stomach, Ann Surg 92 558 (Oct ) 1930 

3 Horslei, J Shelton, and Horsier, John S, Jr Surgical Diseases of the 
Stomach, m Graham, E A Surgical Diagnosis Philadelphia W B Saunders 
Compam, 1930, \ol 2, p 553 
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differential count showed polj morphonuclears, 55 per cent, basopluls, 1 per 
cent, eosinophils, 1 per cent, hmphoc 3 tes, 39 per cent, mononuclears, 4 per cent 
The color index was 0 82 The red cells appeared normal The platelets were 
normal in number The urine was normal aside from a famt trace of albumin 
The stool ga\e a positue reaction to the benzidine test but w'as othen\ise normal 
Examination of the gastric contents revealed no free hydrochloric acid after the 
injection of histamine 

The report of a roentgen examimtion on May 21, 1934 was “There is 
marked gastric retention with a constant filling defect in the lower portion of the 
stomach, gning the impression of neoplasm in the distal third of the stomach caus- 
ing gross obstruction” (fig 1) 

The clinical diagnosis yvas (I) marginal ulcer or (2) carcinoma of the stomach 
obstructing the gastro-enterostomj stoma Operation was adyised 

Operation — Operation yvas performed on 2ila\ 26, 1934 (H K R ) Tri- 
bromethanol in amy lene In drate and ether yy ere used for anesthesia The palpable 
mass yy'as found to iinohe the distal portion of the stomach, the upper half ot the 
stomach being essentially normal The greater jxirtion of the tumor lay behind 
the transyerse colon and y\'as intimately attached to the liyer and the gallbladder 
(fig 2) It yy'as mobilized, and the gross appearance suggested a scirrhous carci- 
noma It seemed to originate from the yvall of the stomach and ended abruptlj 
at the point w'here the stomach and jejunum had been joined at the former opera- 
tion It completelj encircled the stoma and thereby produced considerable obstruc- 
tion at the outlet of the stomach There yyere no metastases, and the fixation to 
the liver and gallbladder yy'as thought to be inflammatorj The loyy'cr portion of 
the stomach, including the entire mass, yyas resected and also the segment of the 
jejunum inyohed in the old anastomosis An end-to-end anastomosis yyas 
then done betyyeen the ends of the jejunum, and the mouth of the remaining gastric 
pouch yvas reanastomosed to the side of the jejunum just distal to this end-to-end 
anastomosis The stump of the duodenum yvas found buried in old adhesions 
There yyas no eyidence of abnormahtj at this point, and accordingly it yyas not 
disturbed 

Postoperative Course — The cony alescence yyas uneyenlful, and the patient was 
discharged from the hospital on June 12, 1934 

Pathologic Diagnosis — The pathologic diagnosis guen by Dr J C Buglier 
yvas “Adyanced scirrhous carcinoma infiltrating enfirelj' through the stomach 
yy'all, marked hjperplastic gastritis and subserosal carcinomatous infiltration The 
portion of intestine shoyvs chronic catarrhal inflammation yvith some hyperplasia 
of the mucosa. There is no carcinoma on this portion” (figs 3 and 4) 

Subsequent Coiiise — It has been impossible to follow the subsequent course in 
this case, as the patient has neyer returned to the clinic since his discharge, and 
letters to him hare been returned unansyyered 

COMMENT 

This case seems similar in many respects to the one reported b} 
Singer As in Singei ’s case, yy ell marked chronic h)'perp]astic gastnt 
yynth occasional areas of polypoid oyergroyyth yyas present, and tiis 
y'er}' possibl}! yyas the forerunner of the malignant neoplasm It seem 
logical to assume that the chronic gastritis yyas due to the continue 
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The tumoi was desciibed as poljpoid and enciicled appioximatel) 
thiee fourths of the ciicumfeience of the stoma, its widest poition being 
neai the side of the gieatei cun atm e Mici oscopically it pioved to be a 
caicinoma of nuilticenti ic origin, developing on the basis of multiple 
benign gastric polyps 

Singei stated that first a chionic gastiitis had been initiated because 
of the irritation of the gastric mucosa by the intestinal secretions This 
chronic gastritis was most serere in the neighborhood of the stoma 
Multiple benign polyps then developed as the result of this inflammatory 
hypeiplasia, and certain of these polyps ultimately undeiwent malignant 
degeneiation In this case theie is convincing histologic evidence of 
the transition fiom inflammatoiy hyperplasia thiough benign to 
malignant neoplasia, and the gastro-entei ostomv was, m all probability 
an important etiologic factoi m the development of the caicinoma 

Singer also referred to three similai cases m the literature the 
case of Schwarz,® the one of Huist and Stewart" and the one of 
Eicheltei ® These reports have been veiified by me, and one possible 
additional case has been noted 

In the case reported by Schwarz a patient who had had an anteiioi 
gastro-enterostomy for a pyloric ulcei was rehe%ed from symptoms 
tor about six years, after wdiich vomiting and loss of w'eight occuired 
A laparotomy show^ed a carcinoma of the gastro-entei ostomj stoma 
producing great dilatation of the proximal jejunal loop, w'hile the distal 
loop was collapsed There w^ere metastases in the regional lymph glands 
and on the peritoneum A Braun anastomosis w'as performed, and 
rapid recovery follow^ed 

Hurst and Stew'art made reference to a carcinoma of the gastio- 
jejunal ring, but clinical notes and a detailed description of the tumoi 
are lacking 

A man of 59 w^as operated on by Eichelter for general peritonitis 
Three and one-half years before, he had had a partial gastrectomy foi a 
penetrating ulcer At the time of his operation, Eichelter found a 
nodular tumor at the site of the anastomosis, and there w^as great 
dilatation of the proximal loop wnth perforation of an acute ulcei 
of the duodenum A duodenojejunostomy wnth jejunostomy w^as per- 
formed Death occurred twm days later Necropsy disclosed a firm 
growth, w'hich originated at the anastomosis and encroached on the 

6 Schwirz in discussion on Lengemann Operationsbefunde an Gastro- 
enterostoniierten, Zentralbl f Chir 53 3000 {No\ 20) 1926 

7 Hurst A F , and Stewart M T Gastric and Duodenal Ulcer, New 
York Oxford Unnersih Press, 1929, p 429 

8 Eicbelter G Spontanperforation des parahtisch erweiterten Duodenal - 
sclienkcls 4 Talire nacb subtotaler !Magenresektion wegen ulcus (Pnmares Karzi- 
nom an dcr Anastomosenstelle) Deutsche Ztscbr f Our 222 106 1930 
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LEONARD T FLRLOW, MD 

SX LOL IS 

The study ot chionic subduial hematoma ma^ be divided chiono- 
logically into vei\' definite peiiods Piior to 1857 there weie scatteied 
recoids of obseived cases of patients \\ho were found at autops} to 
ha^e a collection of blood beneath the dm a In 1857 A'lrchow/ as a result 
of postmoitem studies m a number of cases, introduced the term 
pachvmeningitis haemonhagica interna Since in the cases studied bi 
him there was no histor}^ of trauma he thought that the underlying 
pathologic process was the organization ot an inflammator}" exudate 
From 1857 until 1925 the lesion was studied extensively by manv 
pathologists and neuiologists but with a few exceptions their chief 
interest w'as the undei lying pathologic process rathei than the treat- 
ment of the condition A notable exception was an article b}' Trotter - 
published m 1914, in it four cases m which the condition was 
treated surgically were repotted Although very little of jiiactical value 
has been added since, Trottei’s contribution was geneiallj overlooked 
until, in 1925, an excellent leview' of the literature and a report on twelve 
patients treated suigically was presented b) Putnam and Cushing® in 
collaboration wnth other members of the Societi of Neurological 
Suigeons Of the twehe patients reported on eight lecoiered aftei 
operation for lemoxal of the clot This extiemeh raluable communi- 
cation not only served to bring about a great levnal of inteiest in a 
condition which is amenable to piopei surgical tieatment but also 
clarified to a great extent the confusion which had existed from the 
standpoint of the underlying pathologic piocess 

Putnam concluded that there w'ere, m general tw o classes of hemoi - 
rhagic subdural hematoma The first he called the \asculai Ape and this 
IS the lesion seen fairly fiequentl) at autopsi on patients who ha^e 
died of chronic alcoholism and of chronic wasting diseases The histologic 

From the Neuro-Surgical Serrice of the Washington Urnersih School cl 
Medicine, the Barnes Hospital and the St Louis Children’s Hospital 

1 Virchow, R Haeniatonia Durae klatris, Verhandl d pin s -med Geselbcli 
7 134, 1857 

2 Trotter, Wilfred Subdural Hemorrhage of Traumatic Origin and Bs 
Relation to Pachr meningitis Hemorrhagica Interna, Brit J Surg 2 271, 191-1 

3 Putnam Trac\ J, and Cushing Har\e\ Chronic Subdural Hematoma 
Arch Surg 11 329 (Sept ) 1925 
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E^amuwttoii — The positne plnsical findings were (1) poor nutrition, (,2) 
dental caries with mam missing teeth, and (i) moderate tenderness without muscle 
spasm m the right lower and the right upper quadrant 

The Kahn reaction of the blood was iiegatne Examination of the blood 
reiealed a hemoglobm content of SO per cent (Sahli) and a leukoccte count of 
11,400 The urine W’as normal 

Roentgen studies on Aug 8, 1927, showed (1) “a normal stomach and duo- 
denum, and (2) non\ isualization of the gallbladder b\ the Graham test” On 
Aug 13, 1927, roentgenograms showed a healthy chest A teiitatne diagnosis of 
chronic cliolecj stitis was made, and it was thought that the simptoms were suffi- 
ciently seiere to warrant operation 

Opciatwii — Operation was performed on Oct 8, 1927, b\ Dr Hugh Cabot 
Etlnleiie and ether anesthesia was used The gallbladder was found to be normal 



Fig 1 — Roentgenogram made on May 21, 1934, showing marked gastric reten- 
tion and a filling defect m the lower portion of the stomach 

m all respects The pjlorus was imohed in what appeared to be a chronic ulcer 
Ihis was dealt with b^ duiding the stomach just aboae the palorus, thus dis- 
connecting It from the duodenum An end-to-side anastomosis was then performed 
between the stomach and the jejunum, a procedure w'hich was thought to be a 
more satisfactory operation in this case than the usual posterior gastro-enterostoim , 
as the diiodenuni was still open Before the end of the distal segment was closed, 
the noncrushmg clamp was relaxed and the areas were examined, and the lesion 
was lound to be entirelj in the duodenum 

Postoperative Coutse — The comalescence was uiieieiitful The result of a 
check-up roentgen examination made on Oct 19, 1927 was reported as follows 
Postoperatne examination of the upper part of the gastro-intestmal tract demon- 
strated the gastrojejunostoma stoma to be open and functioning well ” The patient 
was discharged on Oct 22, 1927, on a lilills IV diet 
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The most common factoi occurimg m the histones of patients iiith 
subduial hematoma is trauma Not infiequently it is so trivial and 
occurs such a long time befoie that information in legard to it is not 
volunteeied but has to be sought This brings up the question of the 
mechanism by which these patients lemain symptom-free for var3'’iiig 
peiiods This lapse of time between the trauma and the onset of 
symptoms has been called the latent iiiteival Recentlj'’ it has been the 
subject of much speculation and some expeiimentation 

Trotter - concluded that the source of the hemorrhage was almost 
al\\ays one of the budging veins running fiom the cortex acioss the 
subdural space into the superior longitudinal sinus He thought that 
repeated small hemorrhages gradually increased the size of the hematoma 
until finallj'^ the limits of cerebral compiession were leached Putnam 
and Cushing^ expiessed the belief that this must be the coirect explana- 
tion, and Keegan “ cited as e\idence of its tiuth a case in which at opeia- 
tion he found a small teat m the longitudinal sinus, fioni which there was 
bleeding only when the patient stiained From this he concluded that 
renewed bleeding was brought about b)’’ transitory rises in intracranial 
piessuie Leaiy® made postmortem studies on fifty patients with sub- 
dural hemorrhage and concluded that this explanation was correct 

Nevertheless, the theory has not been univei sally accepted, for in 
Older to accept it one must conclude that bleeding into the subdural 
space Molates practically all the rules for bleeding into the other tissue 
spaces of the body Experimental investigation of the pioblem has been 
practically impossible, foi no one has successfully pioduced tj^pical 
subdural hematoma m expeiimental animals ' Spiller,*’ m 1899, succeeded 
in pioducing the typical membianes m dogs by hemorihage from the 
superior longitudinal sinus, but theie was not the fluid content that is 
seen in clinical cases 

McKenzie® suggested the possibilitj^ of an mciease in size of the 
sac by a process of osmosis Gardner,^® in a recent aitide, said that the 

5 Keegan, J J Chronic Subdural Hematoma Etiolog}' and Treatment, 
Arch Surg 27 629 (Oct ) 1933 

6 Leary, Timothy Subdural Hemorrhages, J A jM A 103 897 (Sept 22) 

1934 

7 Putnam, T J , and Putnam, I IC The Experimental Stud> of Pacln- 
meningitis Hemorrhagica, T Nerv & Ment Dis 65 260, 1927 

8 Spiller, W G, and McCarthy, D J A Case of Internal Hemorrhagic 
Pachymeningitis m a Child of Nine Years, with Changes in the Ker\e Cells, 
Nerv & Ment Dis 26 677, 1899 

9 McKenzie, KG A Surgical and Clinical Study of Nine Cases of Chrome 
Subdural Hematoma, Canad M A J 26 536, 1932 

10 Gardner, W T Traumatic Subdural Hematoma, Arch Neurol 
Psychiat 27 847 (April) 1932 
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Fig 3 — Photomicrograph (X 85) of the gastric mucosa near the gastro- 
enterostomy stoma The mucosa is thickened bv an increase m size and number of 
the epithelial cells and by the heaw infiltration by hmphocites and plasma cells 
There are a marked increase m the formation of mucin and Inperplasia of the 
intrinsic lymphoid tissue 



Photomicrograph ( X 400) of the gastric u all near the gastro- 
enterostonn stoma Scirrhous carcinoma tissue infiltrates the muscle tissue and 
appears m the subserous coiinectne tissue Associated with the carcinoma is an 
actne filiroblastic proliferation 
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1 Q 10 Hospital on 

-^o^ -A 3919 He nas admitted to the medical sen ice m a state of unconscious- 
ness lour months before he had been in an automobile accident and had been 
unconscious for tuehe hours What foIIo\sed is not recorded, but a few days 
before admission to Barnes Hospital, he had been sent to a local hospital because 
ot mental changes He had been forgetful and irrational and had complained oi 
dizziness A lumbar puncture was made, after wh-ch he became much more 
stuporous, and the Chesne-Stokes Upe of respiration dei eloped At the time of 
admission, he was unconscious and had bilateral choked disk, wuth hemorrhages in 
the right eie, pathologic toe signs on the left side and some spasticit} of both 
arms The left arm was not moied \oIuntanh 

A diagnosis of tumor ot the irontal lobe on the right side, probabh m the last 
stages of compression was made With the concurrence of Dr Schwab the patient 
was transferred to the neurosurgical seriice, and because of his precarious condi- 


tion a subtemporal decompression on the right side was decided on The dura 
pulsated but had a bluish appearance, and when it was incised the membrane ot 
a subdural hematoma was encountered A large amount of old fluid blood was 
eiacuated As mucli of the membrane as could be reached was remoied, and the 
wound was closed with silk 

Follow ing operation the patient s state of unconsciousness became more pro- 
lound There was a rising blood pressure and a slowing pulse rate, hence the 
same night the wound was reopened When the muscle sutures were reroo\ed, a 
large amount of old blood mixed with cerebrospinal fluid \ as e\acuated A rubber 
tissue dram was put in through the opened dura and the wound closed The 
patient's condition gradualh grew worse He contracted pneumonia and died 
on Xo^ ember 30 

Autops\ was performed and such marked compression of the right hemisphere 
was present that the right -ventricle was practicalh obliterated There was a small 
amount of subdural hematoma on the left side, but no bleeding around the operative 
site There was definite bronchial pneumonia 


Comment — This case illustrates a number of important points In 
spite of the definite historv of trauma subdural hematoma as a diagnosis 
was not considered There was marked aggravation of s}mptoms after 
lumbar puncture and the puncture was undoubtedh a great factor in 
the cause of death Although the apparently correct treatment was 
earned out the patient did not improve after operation In the dis- 
cussion of the case b> Putnam and Cushing ’ it w as said that m spite 
ot the decompression the edema of the brain progressed to such an 
extent that the ventricle was almost obliterated by swelling This is an 
erroneous conception What actuallv happened is that when the 
hematoma was removed a large "dead space” was left The ventricle 
on that side had been markedh compressed and after operation the 
brain failed to expand so that at autopsv the ventricle on that jde 
was still compressed as it had been before operation Just how to dea 
best vv ith this dead space is still a problem for in one other case t le 
findings were similar (case 12) 

13 This case is included m the studv bv Putnam and Cushing ” as case 6 
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chemical trauma to which the gastuc mucosa was subjected by reason 
of the constant reflux of alkaline intestinal secretions from the jejunum 

In an oigan such as the stomach m which malignant disease is 
prone to occur it does not seem unreasonable to suppose that in the 
course of this inflammatory piocess the cells had exceeded the bounds 
of noimal and oideily giowth and piogressed to the stage of blastom- 
atous prolifeiation 

Of the late complieations occuiiing at the stoma in cases of gastio- 
enterostomy perfoimed for duodenal ulcei, an inflammatoiy lesion 
oiiginating chiefly on the jejunal side of the anastomosis (jejunal ulcei) 
is the one most commonly encounteied Appaiently, as a rule, the mucous 
membiane of the jejunum is moie liable to injuiy as the result of the 
alteied physiology and chemistii' pioduced bjf the operation than is 
the lining membrane of the stomach Moieover, the incidence of malig- 
nant degeneration in persons with jejunal ulcer is insignificant, m 
analogy with the well known raiit}^ of caicinoma of the upper portions 
of the small bowel 

In the case herein repoited and m the small numbei of similar cases 
found in the hteratuie a reveisal of this more usual course of events 
appaiently took place following the gastro-entei ostomy Thus the major 
inflammatory changes occurred m the stomach, and perhaps fiom this 
hyperplastic inflammatory piocess caicinoma subsequently developed 
at the gastrojejunal iing, and obstructive symptoms finally developed as 
the growth seriously compromised the opening 

A point of some additional interest is the fact that just as m cases 
of carcinoma of the lower portions of the stomach the neoplasm is 
usually found to end abruptly at the pyloius and rarely invades the 
duodenum, so in this case of gastric cancer involving over one thud 
of the stomach, the giowth was limited entirely to the gastric side of the 
anastomosis Although the lesion completely encircled the stoma, both 
grossly and microscopically, the jejunum was found to have success- 
fully resisted invasion by cancer cells 
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Case 4— D W, a \\liite girl aged 17 referred b^ Dr Frank Harrison ot Dalla= 
and Dr H V Copeland, of Grand Prairie, Texas, was admitted to the Barney 
Hospital on i\Ia\ 4, 1928 There was no definite historj of injur\ Five months 
prior to admission the patient had an attack of unconsc'ousness, lasting for about 
five minutes, with no convulsive movements She had four attacks similar to the 
first at intervals of about a month, without residual svmptoms until the last attack 
eight dav s prior to her admission, which was followed bv extreme frontal head- 
ache, nausea and vomiting Shortlv before admission, she had noticed that her 
vision was becoming poor and that she did not see is well to the right side a- 
to the left A few dajs before admission, she had noticed double vision and an 
mabilitj to control accuratelv the movements of her left arm and hand 

Neurologic examination showed bilateral choked disk, lateral nvstagnius 
marked ataxia of the left hand and questionable weakness ol the abdominal reflex 
on the left The visual fields were normal It was felt that the most probable 



Fig 1 (case 3) — The displacement of the ventricular svstem to the lelt side 
as a result of the subdural hematoma on the right side 


diagnosis was a tumor of the posterior fossa, but since the svmptoms were rather 
indefinite, injection of air W'as necessarv 

On Ma} 10 an incision was made over each occipital pole and both ventricles 
were found collapsed Onlv a few cubic centimeters of fluid was obtained, and 
this was replaced with air The plates showed no air in the ventricular svstem 
Because of the smallness of the v’entricles, it was verv unlikelv that there was a 
tumor of the posterior fossa , so because of the possibilitv of a frontal lesion on 
the right side a subtemporal decompression was made on the same side on 
May 16 When the bone was opened, the dura looked bluish and when the dura 
was opened, some clot and old liquid blood escaped The opening m the dura vva- 
made as large as possible and the vv’ound closed 

Following operation, the choked disks did not subside The patient’s symptom. 
improved ver^ little, and on May 23 a frontal flap on the right side was reflectea 
and a tvpical subdural hematoma, which in places seemed rather old was expo 
and removed 



FLRLOU —ShBDlRAL HEM ATOM 4 


689 


picture in the membrane accoidmg to Putnam \aries lioni the tiaumatic 
trpe in the size and appearance ot the ne^^ -formed \essels in the ^^all 
ot the sac mIiicIi underlies the dura These vessels, except for size 
hare the appeaiance ot noimal capillaries Thei are trequenth 40 
microns oi more in diameter 

The second tjpe uliich he called reactne oi tiaumatic, is the one 
which concerns the surgeon The gioss appearance mai be practical!} 
identical with that ot the toregomg tipe but the clinical beharior is 
\ery different Putnam stated that hematoma ot this trpe may be dit- 
ferentiated histological!} trom that ot the first Upe but that the differ- 
ence IS so slight that the two mar be easih confused In the wall of 
the sac just beneath the duia aie irregular blood-filled spaces lined 
with mesothehum These are much laiger than the giant capillaries 
and the spaces tiequenth become confluent with each other Ther 
anastomose with the normal capillaiies seen m the wall ot the sac 

It IS with this reactne oi traumatic trpe ot subduial hematoma 
that this paper deals I propose to show that ( 1 ) The condition is more 
trequent than is commonU supposed (2) propei tieatment when the 
condition is recognized sufficienth earl} offers a good prognosis, (3) 
the s} mptomatologr is r ague and the histoi \ ot trauma mar be so slight 
as to be entiielr orerlooked In addition the records ot sixteen cases 
tieated in this neurosurgical clinic mil be giren 

ciixicvL BCHrrioR 

Subdural hematoma mar occur at anv age and in either sex but it 
lb more frequent in men because of their greater exposure to injur} 
Alter an iiijur} rrhich nia} be rerr tririal or lelatireh serere there is 
an interral rrhich inav rarr trom a terr dars to months or eren a rear 
or more m rrhich the patient is practical!} s}mptom-free He then 
begins to piesent eridences ot chronic progressire increasing intracranial 
piessure and not mtrequentlr the diagnosis of tumor of the brain 
is made He ma} come to the suigeon rrhile his general condition is still 
good but all too fiequentlr he arrires m a profound!} unconscious state 
and 111 the last stages of cerebral compression The usual points in the 
historr are headache roiniting gradual diminution m rnsual acuit} 
diplopia conrtilsions mental disturbances etc No one factor is common 
to all cases and in spite of the fact that the location ot the hematoma is 
laiilr constant orer the conrex portion of the cerebral hemisphere 
the findings on neurologic examination are extremelr rariable and fre- 
quentlr so confusing that in oider to make the diagnosis it IS necessarr 
to resort to r entnculograph} ■* or to make trephine openings 

4 Dind\ niter E ^ entnculograplw Eollownig the Injection of “^ir into 
the Cerebral Ventncle<; Ann Surg 68 5 1918 
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The patient’s postoperatue course was complicated bi a flare-up of the nul- 
monar^ tuberculosis and the deaelopnient ot an abscess in the lung She was 
discharged on April 8 in fairU good condition 

She A\as readmitted to the medical serxice of the hospital on June 25 because 
of pulmonar^ tuberculosis The sputum contained tubercle bacilli, and roentcren 
evamination showed eiidence of tuberculosis at that time, but the neurolomc 
condition was good The patient was discharged on August 1, not erreath 
iinproa ed 


Common/— Deconipiession was pei formed in this case because the 
condition of the patient did not justify a more formidable procedure 
The lesults were good Here again there was a great scarcit} of local- 
irmg signs but paralysis of the oculomotoi nerve has not been uncommon 
m this senes In this case ecacuation of the contents of the sac thioiigh 
a small opening was all that was necessary 

Case 6 — M G, a white v'oman aged 60, referred bi Dr Francib Camp, 
Springfield, IMo , was admitted to the Barnes Hospital on IMarch 17, 1930 There 
was no historj of preceding trauma A week before admission the patient 
acquired a \en seiere headache accompanied b\ \omiting She became uncon- 
scious and had several generalized convulsions, and at the time of her admission 
to the Barnes Hospital she had been unconscious for three davs 

Neurologic e\amination showed a patient m profound coma Her evegroiinds 
were normal There was a scar of an old corneal ulcer on the left eve There 
were no signs of meningeal involvement and no other neurologic abnormalities 
except bilateral Babinski and Oppenheini reflexes The pulse rate was rather 
slow Roentgenograms of her skull showed no abnormalities It was felt that 
this probably was not a condition requiring surgical intervention and that such 
intervention would be unwise She was transferred to the neuromedical service and 
gradually increasing hvperpvrexia developed Unconsciousness persisted, and she 
died on March 22, 1930 

Autopsy was performed Over the left cerebral hemisphere the dura vvas 
greenish blue, and a tjpical subdural hematoma was present It extended over 
the entire cerebral hemisphere on the left side wntli the exception of the tip of 
the temporal lobe No fracture could be made out In addition, the patient had 
aspiration pneumonia 

Comment — Here again there was no history of trauma and as tlie 
eyegrounds weie normal, an incorrect diagnosis was made Ventriculog- 
laphjh or better still exploiatoiy perfoiatoi openings, would have made 
a collect diagnosis possible However, the condition of the patient w'as 
such that surgical inteivention vvas not considered 

Case 7 — R A , a white bov aged 10 years, vvas admitted to the Children « 
Hospital on Dec 17, 1930 There vvas a definite historv of injurv a month be ore 
admission, when he fell off a hav stack and struck his head There was no loss 
of consciousness The next day he complained of headache, vomiting and doim 
vision However, his mother said that the child had complained of headache tor 
several months before the fall and that she did not believe the fall had 
to do with the present condition His headache and diplopia had increased 
his vision was becoming impaired 
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wall of the sac acts as a semipei meable membrane and that as the com- 
plex protem molecules of the blood disintegrate, fluid enters the sac, 
thus increasing the bulk of the lesion He reported experimental evidence 
to support the theoiy, and Zollinger and Gioss,^^ after observation on an 
intact membrane removed surgically, stated that this is true 

TREATMENT 

Surgical mteivention is the only tieatment of any avail for subdural 
hematoma In this clinic, the piactice has been to make an osteoplastic 
flap and remove the liquefied portion of the clot and as much of the 
surrounding membiane as possible However, Trotter- stated that 
mere evacuation through an opening in the tempoial fossa would result 
in a cure Recently, McKenzie ® reached the conclusion that the osteo- 
plastic flap IS usually unnecessary and may be dangerous He advocated 
removing the contents of the sac b}'^ suction through a small opening 
m the bone and subsequent drainage of the subdural space for forty-eight 
houis Fleming and Jones leported eight cases, with one death, in 
which two openings weie made and the contents of the sac washed out 
In their series of eight cases, the hematoma was bilateral m 50 per 
cent, so that they made bilateral openings for exploiation m every case 

There have been two chief reasons why the method of osteoplastic 
flap has continued in use in this clinic In the fiist place, diainage 
thiough a small opening has not always been successful (cases 4 7 
and 9), and secondly, it has been felt that it is wisei to remove the 
membiane Horrax (quoted b)' McKenzie®) on one occasion reflected 
a flap three months after the contents of a hematoma had been sucked 
out and found that both the outer and the inner membrane had dis- 
appeared However, one cannot be sure from this single observation 
that this IS always the case 

It is certainly true that evacuation through small openings is a 
much less formidable procedure than the use of an osteoplastic flap 
It IS also true that the patient not infrequently comes in a state of coma 
(five of sixteen in the present series) , and since of the six patients in 
this series who died, five weie in coma, in the future the method 
of treatment may be modified by using small openings for the patients 
m a comatose state and a flap when the patient’s condition is good 

The following cases will serve to emphasize the points of importance 
m the diagnosis and tieatment of the condition 

11 Zollinger, R, and Gross, R E Traumatic Subdural Hematoma An 
Explanation of the Late Onset of Pressure Simptoms, JAMA 103 245 
(Juh 28) 1934 

12 Fleming, H W , and Jones, 0 W Chronic Subdural Hematoma, Sur" 
Ginec &. Obst 54 81, 1932 



69S 


ARCHIVES OF SJjRCERl 


Because of the definite Inston of alcohohsni, the diagnosis uas rather obscure 
However, if was lelt that the most probable diagnosis was chronic alcoholism 
complicated bj the fracture of the skull 

About thirt 3 -si\ hours after admission the patient became comatose, the blood 
pressure suddenh rose to 210 and the respirations became ^ery labored Death 
ensued in a short time 

At autopsj se\eral fractures were noted in the left temporoparietal region, 
with a large subdural hematoma o\er the entire right hemisphere The other 
organs showed no changes 

Comment — In this case operation was ne\er considered The diag- 
nosis was missed entire!} in spite of the definite history of trauma, 
slight!} increased spina! fluid pressure and }el!ow' spina! fluid Again 
there is established the fact that a chronic subdural hematoma frequently 
shows no localizing signs Had evplorator}' perforator openings been 
made or tentiiculograph} been performed soon alter admission, the 
outcome might hate been different This case also serves to emphasize 
the point that the only treatment of any atail is surgical removal of the 
clot Lumbar puncture not onlv brings about no improvement but may 
be dangerous 

CtSE 9 — H R, a white man aged 65, referred bj Dr 0 D Stanlet, of 
Decatur, III, was admitted to the Barnes Hospital on Jub 6, 1932 Three w'eeks 
before admission he was in an automobile accident He was unconscious for 
seieral hours but was apparenth normal and was attending to his usual duties at 
the end of fi\e dais Fne da%s prior to admission he became unconscious and 
was taken to a hospital in another cih, where hemorrhages in the ejegrounds 
were disco\ered After he reco\ered consciousness somew'hat, he w'as unable to 
mo\e his left arm His pulse had been rather slow There had been no 'lomiting 
At the time of admission he was markedlj stuporous The left eveground showed 
a t\pical choked disk with large hemorrhages while m the right e^e the margins 
ot the disk were blurred and the %eins full but there W'ere no hemorrhages There 
was a flaccid tipe of parahsis of the left arm and pathologic toe signs m the 
left leg The diagnosis was subdural hematoma on the right side 

The patient was markedh dehydrated, and his stupor progressed to coma 
After fluid had been gi\en intraienoush and subcutaneously, a flap was reflected 
on the right side on JuB 7 A perforator opening was made first to see if the 
clot could be washed out, but this was impossible, so a flap was reflected The 
subdural hematoma was remoied and the wound dosed in the usual way 

Shortly after operation, the patient would respond but would immediately lapse 
into a rather deep stupor This condition gradually improied, and he seemed to 
be in fairh good condition until the fourth postoperatii e day, when he began to 
ha\e coniulsions on the left side These convulsions continued throughout the next 
dav and at that time he showed definite evidence of bronchial pneumonia He 
was put in an oxygen tent but in spite of all treatment he grew steadilv worse and 
died on the eighth postoperative day 

At autopsy there was a tracture of the posterior wall ot the frontal sinus on 
the left side with an area of infection at the site of the fracture From this 
area a sinus extended back along the leit side of the faK and a short distance 
back It eroded through the faK and extended into a large abscess in the rigi 
irontal lobe In addition, there was evidence of severe bronchial pneumonia 
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(;;\si; 2 — T R a white man aged 40, was admitted to the Barnes Hospital on 
April 7, 1924 There W’as no definite history of injury For a month before admis- 
sion he had had rather se\ere head iche and intermittent diplopia The diplopia at 
times w'as so pronounced that it was almost impossible for bini to dri\e his car 
For se\eral days he Ind had difficultj in sw'allowing and a disturbance m speech, 
and recently there had been a drooping of the left ejehd lie was markedly emaci- 
ated, but careful search for tuberculosis re\enled no focus Neurologic examination 
showed bilateral choked disk, weakness on the left side of the face and pathologic 
toe signs on the right side 

The uncertaintr of the localizing diagnosis made \ cntnculography necessaij, 
and on \pril 23 ^entrICulograph^ was attempted There w'as a greenish mem- 
brane beneath the dura on the right side, and it was impossible to make an opening 
into the \entncle on that side An opening was made on the left side, and about 
12 cc of bloody fluid was reniored and replaced wath air Plates showed no air 
in the lentricular si stem 

On April 25 a subtemporal decompression was done on the right side, and the 
typical greeiiish-blue membrane of a subdural bcmatoina w'as found and remoyed 

The postoperatn e course was uneientful At the time of his discharge on 
Mai 3, the patient was in good condition 

Covimcnt — It is inteiesting that in spite ol lecognizing the bltiish- 
gieen color ivhich is so typical of sulxltiial hematoma, ventiiculography 
Mas still considered necessaiv This also shows that tiatima may be so 
slight that it goes unnoticed 

Case 3 — C R, a white girl aged 4 lears, referred by Dr Paul C Carson, 
of Wichita, Kan, was admitted to the Children’s Hospital on March 20, 1927 
There was a definite history of injury a icar before admission but there was 
not complete loss of consciousness The patient had complained at interyals of 
headaches, lyhich had recently become much more seiere, and projectile yomitmg 
had deyeloped She did not see as ivell with the right eye as ivith the left, but 
she was too young to be giyen tests for usual fields or usual acuity Her head 
had always been rather large, but since the injurj it had increased in size and 
measured 52 cm There were bilateral choked disk and prominent yeiiis on the 
forehead A roentgenogram shoiyed marked ei idence of increased intracranial 
pressure 

Because of the lack of localizing signs, a i entriculogram was made on 
March 23, 1927 The lentricular system was displaced to the left (fig 1) On 
March 26, 1927, a large flap on the right side ivas reflected, and a typical subdural 
hematoma lyas exposed This extended from the frontal region to the posterior 
parietal region, and when it was incised about 100 cc of old blood escaped As 
much of the membrane as possible was remoied, and the ivound was closed in 
the usual way 

The postoperatiye course was entirely uneyentful At the time of discharge, 
on April 29, the patient was in excellent condition, and the neurologic examination 
shoiyed no abnormalities 

Comment — In spite of the huge hematoma, theie w^ere no localizing 
signs This was the fiist case in which a flap ivas reflected, and the 
lesults ivere excellent The patient w'as the youngest m the senes 
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In this case the diagnosis of subduial hematoma iias made b\ the 
use of a small opening in the bone but no attempt u as made to e^ acuate 
the contents of the sac thiough this opening 

Case 11— J G M, a white ^outh aged 21, referred b^ Dr A. B Jones, ot 
St Louis, was admitted to the Barnes Hospital on Feb 1 1933 

There was a definite histor} of injurj three months before admission The 
patient was in an automobile accident and receued a seiere blow on the head 
W'hich resulted m unconsciousness and lacerations of the scalp The lacerations 
of the scalp W'ere sutured, and as the patient reco\ered consciousness shorth 
after, he w^as allowed to go home from the local hospital Afterward he had 
infrequent headaches for two months A month prior to admission the headaches 
became almost constant, and he noticed blurring of Msion 



Fig 2 (case 11) — Normal lentricular configuratioi in spite of a large sub- 
dural hematoma on the right side 


At the time of adniissioii neurologic examination showed bilateral choked 
disks, facial w'eakness on the left side, central m tipe, an Oppenheim sign on the 
left and slight diminution in the abdominal reflex on the left A calcified pineal 
gland w'as showm on roentgen examination, and this was displaced to the left of 
the midline The preoperatne diagnosis was a lesion in the right frontal lobe 


either subdural hematoma or tumor 

On February 6 a \entriculogram was made About 8 cc of air was put into 
the left -ventricle Since this air wmuld not go across into the right -ventricle, 
air was put into the right \entncle The plates looked normal (fig 2) In spite 
of the normal ventriculogram, however, a cerebral flap was reflected on the rig it 
side and a very large subdural hematoma was exposed and removed A subtem- 


poral decompressioi was left . 

At the time of his discharge, the condition of the patient was excellent wi 
the exception of choked disks, which were still present but were subsiding e 
has been seen at intervals since Ins discharge and is normal in even respect 
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The patient’s postoperative course was unecentful At the time of discharge, 
on the first of June, she W'as cvilking without difficultj She has been perfectlj 
well since 

Comment — Seveial inteiestnig facts ate illustrated by this case 
There w’as again no histoiy of injmy It is not at all unusual for tins 
condition to be confused clinically with a lesion of the posteiioi fossa 
Even in skilled hands ventiiculogiaphy is not always easy oi absolutely 
diagnostic The results aie inteiesting in connection with the recent 
controversy as to the best method of treatment Putnam and Cushing “ 
expiessed the opinion that “on the whole a generous exposure of the 
lesion by osteoplastic lesection with or without combined subtempoial 
decompi ession to accommodate the subsequent edema would seem to be 
the preferential method” Fleming and Jones'® recently repoited a 
senes of eight cases m wdiich the patient was treated by making anterioi 
and posterior peif orator openings and washing out the blood and clots 
contained in the sac Theie was only one death in the senes McKenzie ® 
felt that a large flap is usually unnecessaiy and may be dangeious He 
added two cases to his original senes, making a total of eleven cases 
Of this number, five patients were operated on by the method of osteo- 
plastic flaps with one death, and six had a small opening m the bone 
for drainage only All six patients recovered He stated the opinion that 
only one opening is necessary and that the subdural space should be 
drained foi forty-eight hours Rand" stated that the type of opeiation 
should be determined by the condition of the patient and that while he 
usually reflected a flap any procedure which evacuates the contents of the 
sac will give good results The case just reported may be similar to that 
reported by McKenzie® as an instance of reformation of a hematoma, 
probably from postoperative oozing 

Case S — W M, a Negress aged 24, was admitted to the Barnes Hospital on 
Feb 6, 1930 Nine days before admission, during a period of intoxication, the 
patient was struck on the head with a lead pipe She was unconscious for from 
ten to fifteen minutes Since that time she had had headaches, and double vision 
had developed At the time of admission she was somewhat stuporous, and her 
memory w'as very poor There were numerous rales in her chest, and roentgen 
examination showed pulmonary tuberculosis 

Neurologic examination revealed little except complete paralysis of the third 
nerve on the right side The eyegrounds were practically normal The pulse rate 
was around SO and the respiratory rate 12 

On February 10, because of increasing stupor, a subtemporal decompression 
was done on the right side The dura was very tense and bluish, and when 
it was opened about 4 ounces (120 cc ) of old blood escaped The cortex was 
markedly collapsed A dram was put in, and the wound was closed 

14 Rand, C W Chronic Subdural Hematoma, Arch Surg 14 1136 (June) 
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was some extradural clot, but not enough to account for the symptoms The 
patient also had well de\ eloped bronchial pneumonia 

Comment —This case illustrates the fact that psychotic symptoms 
aie fiequeiit and may be seveie The histoiy was rather confusing, for 
some of the patient s associates stated that he had acted rather pecuhai ly 
before the accident, and theie was also a suspicion that he had become 
addicted to some drug 

j\Iuch thought has been gnen to the part that the paraldehyde played 
It was given m the usual dose, but after sleep Avas induced the patient 
could not be ai oused, and his coma was so deep that no anesthesia was 
needed for the operation 


4 ^' 



Fig 3 (case 12) — Displacement of the entire ventricular system to the right 
side by the subdural hematoma on the left side 

The lumbai puncture has also been considered, but since it was done 
very cautiously, with the removal of only a few diops of fluid, it 
piobably had nothing to do with the outcome 

Case 13 — A H, a white woman aged 47, referred by^ Dr Charles Duden, of 
St Louis, was admitted to the Barnes. Hospital on June 10, 1933 She came m 
almost immediately following a fall down a flight of six steps Immediately after 
the injury, she was not unconscious but soon became somewhat stuporous, and at 
the time of admission, although easily aroused, she would drop off to sleep if left 
alone The only neurologic signs were a Babmski sign on the right and an Oppen- 
heim sign on the left A roentgenogram showed a fracture in the right parieto- 
occipital region, with no depression 
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Neurologic eximination showed bilateral choked disks with hemorrhage, weak- 
ness of the left sixth iier\e, facial w-eakness on the right side, weakness ot the 
right hand, hvpo-actue deep reflexes, an Oppenheim sign on the right and 
instaginus, more to the right than to the left A roentgenogram showed a 
pressure skull The preoperatue diagnosis was cerebellar tumor, but because ot 
the scarcity of defimteh localizing signs, it was thought that it w'ould be wise 
either to gi\e an injection of air or to make a lentricular estimation 

On December 22 openings W’ere made o\er the occipital poles foi injection ot 
air, and when the dura on the left side was opened, a tipical subdural hematoma 
was exposed A small amount of tins was remoeed, and it was decided not to do 
am thing further at that time 

The child’s condition reinamed apparenth the same after this procedure, and 
on December 30 his father took him out of the hospital under protest, in spite ot 
the fact that the danger to the child’s \ision had been explained to him 

On Feb 26, 1931, he was readmitted \t that time he still had bilateral choked 
disk and njstagmus The abdominal reflex on the right was less actne than that 
on the left 

On March S, 1931, lentncular injection of air w is made through the opening 
that had been preiiousU made on the right side The plates showed that the 
aentncular sj stein was pushed o\er to the right side, so a flap was reflected on 
the left side A tipical subdural henntonia was exposed MTien it was incised 
a large amount of old blood escaped, and the membrane was then stripped from 
the cortex The wound was closed with silk in the usual was 

The postoperatue course was unesentful, with the exception of slight trouble 
with fluid under the flap At the tune of his discharge, on March 15, the patient 
was in sen good condition 

Coiiiiiieiif — This IS anothei example of the excellent lesults obtained 
in a child and again the question of small openings teistis a laige flap is 
raised From the opeiative note it seems that theie was ceitamh not 
complete evacuation of the contents of the sac thiough the small 
opening, and this may easily explain the lack of improi ement 

Case 8 — R V, a white man aged 45, referred bj Dr George B Fletcher, 
Hot Springs, Ark , w'as admitted to the Barnes Hosjntal on April 5, 1932 This 
patient had been a moderate drinker of alcoholic liquors up to the i ear before 
admission, but during the past year he had been a sjMiradic dipsomaniac For 
about ten months the patient’s wife felt that he had been more irritable than 
usual, and on se\eral occasions he had threatened suicide Nine da^s before 
admission he went on one of his periodic sprees, and that evening he was found 
unconscious on the floor of his hotel room During the next few' da^s he was 
stuporous most of the tune and complained of severe headache 

At the time of admission, he was stuporous but could be aroused His ineinon 
was very poor, and he was disoriented There w'as some tenderness in the left 
parietal region His eyegrounds were normal There was a questionable weak- 
ness on the right side of the face, and bilateral pathologic toe signs The spinal 
fluid was jellow', and the pressure was 160 mm of water There w'ere 90 cells 
w'lthout acetic acid and 45 cells with acetic acid Roentgen studies showed a 
linear fracture in the parietal region with no depression Wassermann tests on 
the blood and spinal fluid ga\e negatiee results 
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Comment —This case again illustrates (a) the ease with which 
the causative trauma may be o\erlooked, and (b) the scarcity of local- 
izing signs In retrospect, one wonders if a less formidable operation 
might have influenced the lesult 

Case 1S~R a white boj aged 15, referred b\ Dr H A Kuhn and 
Dr Rav Elledge, of Hammond, Ind , was admitted to the Barnes Hospital on Feb 
20, 1934 Three > ears before admission he was hit by a baseball bat m the temporal 
region on the left side He had apparently been perfectly well until five months 
before admission, when he began to complain of occasional headache These head- 
aches persisted until a month before admission, when diplopia developed, followed 
shortly by complete paralysis of the third ner\e on the left side About a month 
before admission he began to have nausea and \omiting, and this had persisted at 
internals until the time of his admission to the hospital Two w'eeks before admis- 
sion he had an attack of unconsciousness, wuthout a convulsion, which lasted for 
several hours 

Neurologic examination showed parahsis of the third nerve and facial weakness 
on the right side, an Oppenheim sign on each side and a tendency to stagger to 
the right when walking His eyegrounds were normal 

On February 24 a \entricular injection of air was given The roentgenograms 
showed the ventricular sjstem pushed over to the right, so a flap was reflected on 
the left side The dura had the tjpical greenish-blue appearance of a subdural 
hematoma The subdural hematoma covered part of the temporal lobe, a portion 
of the occipital lobe and all of the parietal lobe A large amount of old bloodv 
fluid, of chocolate color, escaped during operation All of the membrane was 
removed and the wound closed in the usual wav 

Following operation, the patient was totally aphasic, and the next morning 
he had a convulsion, which started in the right side of his face and became gen- 
eral Following the convulsion he became extremeh restless, so the flap was 
reopened A fairlj'- large clot between the bone and the dura w'as removed, but 
there w'as no evidence of subdural bleeding 

His general condition improved He was totallj aphasic for three days, when 
his speech gradually began to return He was discharged on March 8 At that 
time the paralysis of the third nerv'e on the left side was still practicallj"' complete, 
and pathologic toe signs were still present, but the facial paralysis and aphasia 
had entirely cleared up 

Comment — If the history was couect this patient had a latent 
inteival of thiee years In the senes of sixteen cases the shot test latent 
mteival was six days and the longest thiee 3 ears If the increase m size 
of a hematoma is due to lepeated hemoirhages as has been stated by 
Trottei Putnam and Cushing,® Keegan •* and others, there must have 
been some unusual factor in this case which bi ought about a renew'ed 
hemoirhage after a long mteival of latency On the other hand, one 
finds It extremely difficult to believe that it would take almost thiee 
3'’ears for the protein molecules of the blood in the sac to break down and 
osmosis to begin, as suggested bv Gaidnei 1® and Zollinger and Gross’" 

It IS also difficult to ex'plain paial3sis of the third nerve on the right 
side with a subduial hematoma on the left In this series, involvement 
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Comment — This case illustiates forcibly that an appaiently mild 
injury to the head may have seiioiis complications Since in the cases 
that have been cited prioi to this one theie ■\^ere few localizing signs 
It may be assumed that this patient’s symptoms weie due more to 
the abscess than to the hematoma In reviewing the case, one might 
assume that his failuie to impiove should have suggested ventriculog- 
raphy or reexploration However, a man of 65 who was at the point 
of death on admission was not a good subject for suigical treatment, 
consequently to do as little as possible was consideied the wise policy 

In this case also an attempt to utilize a small opening m the bone 
was unsuccessful 

Case 10 — S H, a vhite man aged 65, referred bi Dr Charles Compton, of 
Springfield, 111, was admitted to the Barnes Hospital on Nov 1, 1932 Two months 
before admission the patient, who was sheriff of his counti , was struck during a fight 
He fell and hit his head on the concrete walk and sustained a fractured skull He 
remained in a hospital in another citv in a semiconscious state for about a week 
At the end of the week, lumbar punctures and hjpertonic solutions resulted in 
some temporary improtement, but he soon became irrational and very difficult to 
manage Two weeks before admission to Barnes Hospital, he left the local 
hospital and was taken home While at home he had rather marked mental 
s>mptoms with delusions of persecution, and he refused to eat There had been 
a few times when the patient seemed fairly alert mentally, but the family became 
alarmed because of marked loss of w'eight and he was brought to Barnes Hospital 
A diagnosis of posttraumatic psychosis was made, and he was transferred to the 
service of Dr AD Carr 

On November 4, the patient had a focal convulsion involving the right side of 
the face and the right arm and leg However, it was not believed that his condi- 
tion required surgical treatment He remained in the hospital with periods of 
complete irrationality alternating with periods when he was fairly alert mentally 
until the latter part of January At that time he was definitely going downhill, 
so it was decided to perform an exploratorj operation 

A perforator opening was made over the right frontal lobe, and a subdural 
hematoma was immediately seen A moderate-sized flap was reflected, and it was 
then seen that the hematoma was very small, covering only the surface of the 
frontal lobe There were numerous adhesions between the cortex and the dura, 
and the cortex was yellowish in several places The small subdural hematoma 
was completely removed 

Following operation, the patient improved rather remarkably and was dis- 
charged on March 7 At that time he was still having periods of slight mental 
confusion, but for the most part he was well oriented and seemed to be in excellent 
condition 

Comment — This case is an excellent example of a fact emphasized 
by Fleming and Jones,^“ i e , that this condition may easily be mistaken 
foi a posttraumatic psychosis The convulsion occurred on the same 
side as the hematoma It is still difficult to believe that this small lesion 
was responsible for all of the symptoms, but the fact remains that there 
vv as marked improvement after operation 
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The patient’s postoperatne course uas considerabh prolonged because ot 
repeated accumulations of fluid under the flap He was discharged on August 21 
At that time he was normal in e\er\ \\a> except that the choked disks Ld not 
completely subsided 

In October 1934, the patient had a \er 3 severe seborrheic dermatitis around 
the incision There was marked cutaneous irritation with some drainage for about 
tw'o months Koentgen examination at that time showed a possible slight area 
of osteonivehtis along the edge of the bone flap On December 1 a portion ot the 
incision was opened and a small bit of bone w'as remmed One or two silk sutures 
were also removed from the w-ound, and it was allowed to granulate m slowh 
He W'as discharged from the hospital on December 29, and m a letter a month 
later he said that his scalp had cntireh healed and that his condition was excellent 

Comment — In spite of a definite histoi} of injui} three months 
hefoie, the piesence of neurologic signs that aie usually seen with a 
ceiebellai lesion made it necessapv to give an injection of an Hit 
convalescence in this case was greatlj piolonged as a result of accumiila- 
tions of fluid undei the flap, and the prevention of this has been one ot 
the aiguments ad\anced m favoi of the small opening in the bone 

\NAL\sis or s\MPTOjrs 

Since m cases of chionic subdinal hematoma the sj mptomatology 
IS extiemely variable and fiequently misleading an anahsis of the 
pi eminent S 3 miptoms in this seiies of cases is of Aalue (table 1) 


Table 1 — Anahsis of SMiiptoms 



TortA Two Cases 

Eleven Cases 

Set on Case- 

Siatcen Ca'e. 


(Jclsmn) 

(McKenzie) 

(Rand) 

(Sachs and Furlon) 

Historj of trauma 

ss% 

91% 

100% 

so% 

Jfale 

93% 

S2% 

100% 

6S 75 t 

Female 

7% 

1S% 



Headaclie 

’1<1% 

100% 

sc% 

ss% 

ClioIvCd di'lvs 

•iOTo 

91% 

72% 

CS 7o9o 

Reflex elianges 

%% 

30% 

36% 

62 5% 

Mental changes 

Sb7o 

1S% 

56% 

so% 

Drowsmtss 

79% 

90% 


oCPo 

Cranial none clniiges 

47% 

9% 

30% 


A'^omiting- 

29% 

34% 

42% 

44% 

Motor disturbances 

70% 

35% 

2S% 

o6% 

Coma 

37% 

2S% 

30% 

o0% 

HiStaBious 

n% 

0% 

14% 

1S% 


Jelsma'® analyzed the sAmiptoms in foitt-two cases lepoited in the 
hteiatuie and two cases of his own McKenzie ” tabulated the s\mptoins 
m nine of his cases for compaiison with those of jelsma/® and for 
completeness the two cases subsequently added b\ him weie included 
m the tabulation, as w'as an anahsis of the scAcn cases reported b) 
Rand Ages of patients are not included foi the lesion may be piesent 

16 Telsma, Franklin Chronic Subduial Hematoma, Arch Surg 21 128 (Tub - 
1930 
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Comment — This case is mteiesting in letrospect In spite of the 
definite history of tiauma, the possibiht} of tumoi ^^as consideied 
strongl} enough so that ^ enti iculography ^^as considered nise The 
ventriculai system was apparent!} noimal m configuration, but it nas 
impossible by rotation of the head to get the air to pass from the left 
into the light ventiicle Had the openings foi ventriculography been 
made over the region of the anterioi hoi ns instead of oier the posteiior 
horns, ventriculograph} nould not have been necessari 

This IS also the first case of subdual hematoma m nhich it nas 
possible to utilize the pineal shift descnbed bi Naftzigei and it is 
difficult to understand hon although the pineal bod} nas displaced 
the r entricular S} stem n as in the normal position 

This is the fiist case in this senes m nhich accuiate localizing 
diagnosis by neurologic examination nas possible The smooth con- 
valescence with pi oinpt and complete reco\ ei \ show s the great ad\ antage 
in being able to treat a patient fairh earh m the course of the disease 

Case 12 — H E G, a dentist aged 54, was admitted to the Barnes Hospital on 
Feb 22, 1933 

There was a definite lustori of injurx six weeks before, when the patient 
slipped on the ice and struck his head He was unconscious for a aerj short 
time The next da\ he returned to his usual work and had no further samptoms 
except that he complained of headache and general weakness About two weeks 
after the injurj the headaches became much more se\ere and were accompanied 
at times by nausea and aomiting He acquired rather marked mental samptoms, 
which had progressed He slept a good part of the time and was much confused 
Two dajs before admission to the hospital, he was seen b\ Dr Ernest Sachs at 
home At that time he was absoluteh unmanageable and examination was out of 
the question He was admitted to the hospital as a patient of Dr A D Carr, 
and a careful lumbar puncture was made, which showed the pressure of the spinal 
fluid to be 400 mm and the cell count 3 He was gnen paraldelnde to quiet him 
and soon dropped into a deep stupor, from which he could not be aroused He 
was transferred to the neurosurgical semce in deep coma His ejegrounds were 
practicallj normal The preoperatne diagnosis was either subdural hematoma or 
a tumor of the frontal lobe, and on Februarr 24 a \ entriculogram was made 
(fig 3) The roentgenograms showed a frontoparietal lesion on the left side, 
so a flap was reflected on the left side A rather large subdural hematoma was 
exposed, and about 150 cc of unclotted blood was remored together with as 
much of the membrane as possible hen the wound was perfecth dn it was 
closed in the usual waN 

The immediate postoperatir e condition was rather precarious, but after trans- 
fusion the blood pressure rose Howerer, on the following daj the temperature 
was eleMted and he was slightU cranotiC Hrperprrexia became marked, the 
patient s condition rapidK grew w orse and he died about fortr -eight hours after 
operation 

Autopsi w’as performed and showed that the subdural hematoma had been 
coinpleteh remored The cortex was still rather markedh compressed and there 

15 Naffziger, How'ard A. klethod for Localization of Brain Tumors The 
Pineal Shift, Surg , G\nec &. Obst 40 481, 1925 
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Tins sti living fact is woithy of emphasis ^Vhen the diagnosis M'as 
made and opeiation peifoimed before the onset of coma, there was a 
moitalit}'^ late of only 9 per cent, but if operation uas delayed until 
aftei the onset of coma and symptoms of marked compression, the 
moitality late was 100 per cent 

Foi pill poses of compaiison, mortaht}' lates in other lepoited senes 
of cases of chionic subduial hematoma aie shown in table 3 

As a lesiilt of the facts brought out in this series of cases, it is 
felt that the following opinions and conclusions aie justified 

Chionic subduial hematoma fieqiientl} produces Aeiy few localiz- 
ers' ^)giis The thiee most important points in diagnosis aie (1) the 
histoiy of mjui\ , (2) headache and (3) choked disks Howeier, 
the condition mav exist in the absence ot anv oi all of these signs 


Table 3 — MoUailiv Rates tn Cases of CInouic Subduial Hematoma 


Autliors 

Total 
Xumber of 
Cases 

Mortnhtv 

Percentage 

Jlortalitj 
After Operation 
Percentage 

Iroltcr s 

4 

50 

50 

Putnnm and Cujliing = 

12 

03% 

33% 

Rand « 

7 

IS 

10% 

Mclvoiizic •' 

11 

0 

P 

rieimng and Jones < 

8 

12 

32 

Jelsmn ^0 (12 cases from literature and 2 eases 
of Ills oTin) 

44 

43 2 

19 3 

Sachs and rurloa 

10 

37 3 

28 > 


Ventiiculogiaph} oi exploiatoiy perforatoi openings aie vei} often 
necessai}'’ to make the diagnosis 

The suigical treatment of chionic subduial hematoma offers a good 
piognosis HowcA^ei, the piognosis is lastly bettei if the patient comes 
to the hospital befoie the development of synnptoms of maiked cerebial 
compiession 

The question of the best method of suigical approach is not definitely 
settled It IS my opinion that if the general condition of the patient 
IS good the leflection of an osteoplastic flap is the method of choice If 
the patient is in coma, I piopose to modify the treatment, using the 
method of washing out the contents of the sac thioiigb two openings, 
as suggested by Fleming and Jones I do not beliCAe that one opening, 
as suggested by McKenzie” is always sufficient and in suppoit of 
belief I cite thiee cases (cases 4, 7 and 9) in vhich this method failed 
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Sill, ^\^s treated with Inpcrtoiiic colutioiis and seemed to do extreiiieK well 
until the sixth da\, when she had sceenl briet eoiuul'me attacks clnraetenred 
be drawing ot her head and cece to the lelt She aUo had one generalised eon- 
Mihion The next dae «he had ececral bnet eoinnlsions and beginning choked 
disks were noted V diagnosis of subdural heinatoina e\as made Sinee there 
were no localising signs it was decided to make pertorator openings oeer both 
irontal lobes and m this wae to determine the site ot the hematoma 

The pertorator opcnine on the right side was mide first, since this was the 
side ot the iraeturc and the subdural hematoma could be seen V small flap 
was reflected, and when the dura was opened about 90 cc ot old blood escaped 
The tipical membrane ot a subdural hematoma was remoicd and the wound 
closed m the usual wai 

The patient’s postoperatnc eeaiirsc was ciitirch uncNcntful and she was dis- 
charged at the end ot the second jiostopcratn e week 

Comment — Tins is one ol tlic late cases in winch the condition 
de\ clops tinder ones etes so to speak The stmptoms began so soon 
attei injtn} that one is not sure whethei it is piopeih called clnoiuc 
subdural hematoma but the subdtual memhiancs were well formed 
The excellent results show the adaantage of caih lecognition 

C\SE 14 — \\ V M a white man aged 49, reterr=d be Dr R M Purdie, of 
Houston, Texas, was admitted to the Barnes Hospital on Tub 16, 1933 He was a 
tanner and ga\e no definite hi«tor\ ot injun His illness began about eighteen 
months before with headache and eomitmg This condition had become progres 
sueh worse and lor the past two to three months there had been an increasing 
diminution in the acuiti of Msion -^bout a month before admission there was an 
unusualh seicre attack of headache and \omitmg with questionable loss of con- 
sciousness After this his memon became markedh impaired and an athetoid 
tremor of both upper extremities de\ eloped 

Neurologic examination showed a marked decrease m usual acuiti with slight 
papilledema m both e\es diminished hearing in both ears athetoid moiements 
of the upper extremities and Iwperactne deep reflexes with pathologic toe signs 
on the left, but because of the scarciU of localizing signs i cntnculograpln was 
necessan The diagnosis was probable tumor of the frontal lobe 

The 1 entnculogram made on Tub 19 showed a displacement of tlie aentncular 
sistem to the left A. flap was reflected on the right side A. subdural hematoma 
about 1 5 cm m thickness, as exposed and remoi ed There w as marked atroplw 
of the com olutions beneath the subdural hematoma A small piece of this 
atrophied cortex was remoied for section 

The patient talked len well and seemed entireb rational about six hours after 
the operation, but at the end of fifteen hours he began to be ^en drowsi and 
difficult to arouse This was attributed to cerebral edema and he was treated 
with Iwpertonic solutions, with slight temporan imprmement The following 
dai he took fluids and tried to talk His temperature was rather markedb ele- 
^ated, and on Tub 22 because of the possibility of a postoperatne clot a portion 
of the wound was reopened, but no clot was found The following day, the 
patient had well dei eloped bronchial pneumonia, his condition grew steadib worse, 
and he died on the fourth postoperatne daa 

Aiitopsa was performed but no CMdence of postoperatl^ e bleeding was noted 
in the cranial caiiti There was well de\ eloped bronchial pneumonia 
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finding a*e of gieat nnpoitance in the geneial field of plysiolog^^ 
well as in the immediate expenmcntal and clinical piobleins of glandulaJ 
tiansplantation In spite of this fact, a seaich of the liteiatuie fails to 
leveal fuither experimental stud}^ to couoboiate or lefute Halsted’s 
conclusions 

As a piehmmai} to an expeiimental study to test this “law ot 
deficiency,” the piotocols of Halsted's expeiiments, which aie lecorded 
m adnuiable detail, U'eie carefully studied It became appaient that 
the evidence, though suggestive, was not conclusive The results of 
the expeiiments by no means unifoimly suppoited the concept, nor 
weie the expeiiments themselves diawn up m such a wai as to put the 
hypothesis to a test It was obsetved that m most of the expeiiments 
It w'as impossible to determine the ex-tent of the parath;ioid deficiency 
In many of the ex-penments the degiee of deficienc} wdnch had existed 
at the time the graft w'as placed w'as altered by the lemoval of additional 
paiathyioid tissue a iveek or tw'O later In othei expeiiments giafts 
w'eie placed m dogs m wdnch giafts had aheady been placed from one 
to tw'o w'eeks pieviousl}, so that the degiee of deficienc} existing at 
the time the second giaft was tiansplanted w'as indefinite, as it depended 
on the functional condition of the fiist graft Moieovei, in only thiee 
of Halsted’s expeiiments w^eie the lesults confiiined b) microscopic 
study 

The follow'ing expeiiments weie undei taken to deteimme the 
impoitaiice of the factoi of deficiency on the immediate suivival of 
glandulai tiansplants The paiathjioid gland of the dog is w'ell suited 
for such a study since there aie foui glandules wnth faiity constant 
anatomic distiibution, i e, tw'o glandules associated with each lobe 
of the thyroid gland The lemoval of all four glandules lesults in fatal 
tetany, wdiile the lemoval of thiee is follow^ed as a lule bv mild tiansient 
tetany One oi two glandules can be excised without aii}^ pltysiologic 
embai rassment ^ 

iUETHOD 

Autoplastic transplantation of the paratlij roid gland was pei formed in a total 
of thirty-four dogs Pentobarbital sodium (32 mg per kilogram of body weight) 
administered intrapentoneallv W'as emplored as the anesthetic, ind careful aseptic 
technic w'as observed Each graft consisted of i single intact parathyroid gland 
which was reimplanted within a few minutes of its removal between the fibers of 
the adjacent muscles m the neck, with a silk suture placed to mark the loca- 
tion The state of parathjroid deficiency \yas varied so that in one sene- onh 
the one gland which was transplanted was molested, while the other three were 
not disturbed In another senes two glands W'ere removed, one of these w a' 
grafted and the other discarded, while the two remaining glands were left m 
situ In a third series all four of the parathvroid glands were removed, one 

3 Morel, L Les parathvroides. Pans, A Hermann &. fils, 1912 



FORLOU' —SUBDURAL HEM4TOM4 


705 


of the thud nerve was noted in thiee cases In two of these cases it 
was contialateial and in one homolateial 

Case 16 — B , a white man aged 28, referred bj^ Dr Charles O Lane, of 
West Frankfort, 111 , was admitted to the neuromedical service of the Barnes 
Hospital on July 27, 1934 

Exacth three months before admission the patient had received a blow' on the 
head which made him unconscious for a few minutes There was apparentlv a 
complete recovery from this, and the patient soon resumed his normal actnities 
Two and one-half weeks before admission he noticed that his vision was rapidlv 
failing and he had a verj severe headache He also had nausea and vomiting, and 
the headache, nausea and vomiting continued up until the time of admission The 
headache had been so severe that he had been confined to his bed continuously, 
and his vision had rapidlv diminished 



Fig 4 (case 16) — Dislocation of the ventricular sj'stem to the left side and 
compression of the right ventricle as a result of the subdural hematoma on tne 
right side 

Neurologic examination showed marked diminution m the acuity of Msion, 
bilateral choked disk with many heniorrliages and much exudate, lateral in stag- 
mus, most pronounced on looking to the left, slight incoordination of the left hand 
and hypo-active deep reflexes Roentgenograms showed marked pressure skull 
with the dorsum slightly forward 

With the definite history of injun , subdural hematoma was considered to be 
the most likeh diagnosis, but because of the signs indicating miohement of the 
cerebellum \entriculography was necessarj This was performed on July 30 
The entire lentncular sjstem was found pushed o\er to the left (fig 4) , so a 
large flap W'as reflected on the right side An enormous subdural hematoma was 
exposed and rcmoied When the most medial portion of the sac w'as remoied, 
the dura o\er the longitudinal sinus was stripped from the bone, there w'as con- 
siderable troublesome bleeding, but this w'as finalK controlled w'lth a piece of 
muscle 
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being replaced as a graft Thus the state of deficiency varied from 25 to 100 
per cc. ». ,,.e ^raf, »as placed When Jy „„ JlyZ lZ 

^^as removed great care was taken to disturb the thyroid gland as little as 
possible so as not to interfere with the blood supply to the second parathiroid 



Fig 2 — Sections of muscle containing grafts from dogs with a paratbjro'd 
deficiency of SO per cent The graft in A (dog C-164) was removed after fortj 
five days, that in B (dog C-343) was removed after si\tj-nme davs 


gland on the same side When two parathvroid glands were removed, this was 
accomplished b} performing a thj roparathv roidectomj on one side, and when a 
four parathvroid glands were remov^ed bilateral thv roparathj roidec(om> was 
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at any age In this senes the youngest patient was 4 yeais of age and 
the oldest 65 Rand’^* leported one case in a man 90 yeais old 

As shown in table 1, the histoi)'^ of trauma is frequently obtained, 
and since trauma is the etiologic factoi it is easy to understand why 
the lesion is so much moie fiequent in men than m women 

Headache is the most common complaint and choked disks the most 
common finding Since the gieat majoiity of the cases analyzed by 
Jelsma^® weie lepoited by otheis, this might account for the low 
incidence of choked disks in his senes Pathologic leflexes are also 
common, but these leflex changes aie fieqiiently of no localizing lalue 
In this senes, ten patients had leflexes that weie abnormal, and in fii^e 
instances the pathologic leflexes weie conti alateral, in four cases 
bilateral, and in one homolateral 

Jelsma emphasized the frequency of mental changes , while thev 
weie common, the incidence in this series was much lower than in his 
The frequency of occurience of othei signs may be seen in the table 
An analysis wall show' meiel}' that localization is fieqiiently impossible 
by neuiologic signs alone 

RESULTS AND CONCLUSIONS 

Since this is one of the laigest repoited senes of cases of chionic 
subduial hematoma fiom a single clinic, data on the final lesults are 
of value (table 2) 


Table 2 — Analysts of Final Results m Sixteen Cases of Chionic Sitbduial 
Hematoma fSaehs and Fwlo-du) 


Number of Ca=es 

iMimbor 

Reco\ cries 

Deaths 

Mortality Rate 
Percentage 

'Total 

16 

10 

6 

3T 5 

Operated on 

14 

10 

4 

2So 

In comatose state 

5 

0 

3 

100 

Conscious 

11 

10 

1 

9 


Theie was a total of sixteen patients, and of these, six died, making 
a total mortality late of 37 5 pei cent However, in two instances 
the condition was not correctly diagnosed, and operation w'as not per- 
foimed In each case the lesult w'as fatal The operative mortality 
IS based on foui fatalities m fouiteen cases, oi 28 5 pei cent Furthei 
anal3'sis show's that five patients weie admitted in coma oi became 
comatose soon after admission, and all died, giving a moitality rate of 
100 pel cent for comatose patients There weie eleven patients w'ho were 
conscious Of these patients onlv one died giving a moitalit}' late of 
only 9 pel cent m this gioup 



Figure 4, A, B and C 

Fig 4 — Sections of muscle containing grafts from dogs with a parathjroid 
deficiency of 100 per cent The graft m A (dog C-382) was remmed after four- 
teen days B is the same section under high pouer magnification The graft m 
C (dog C-9) was remoied after twelve days, that in D (dog C-18), after tnent)- 
three dajs (fatal tetany developing after removal and indicating that the graft 
had been ph 3 siologicallj active), and that in E (dog C-10), after tvv entj -nine 
dajs, showing follicular changes occasionallj seen in transplants of parathjroid 
tissue 






AUTOTRANSPLANTATION OF PARATHYROID GLAND 

IN THE DOG 


AX EY^LUA.TION OF H YLSTED S LAW OF DEFICIENCY 

PHILIP SHA.MBA.UGH, MD 

BOSTO\ 

The factors which determine the sur\ival of glandular transplants 
have interested investigatoi s and clinicians tor \eais It has been 
geneialh found that the tiansplantation of tissue into an individual of 
the same species — homogiaftmg — or into an mdiMclual of a diffeient 
species — heterogiaftmg — is unsuccessful wheieas the reimplantation of 
tissue into the same indnidual is frequenth successful Transplantation 
of the latter t3pe, oi autogiaftmg is, ho\^e^er not always successful 
To explain the tailuies it has been proposed that one of the important 
factors in determining the suirnal ot autotransplants is the plnsiologic 
need of the organism for the tissue m question CristianU was the 
first to suggest such a deficiencj as a determining factor for he found 
that tliMOid tissue engrafted into rats survived onh after a partial 
th} roidectomi had been pei formed His conclusion does not seem 
justified howevei, since the tissue wdiich was successfully transplanted 
w'as an autograft whereas that wdiich was unsuccessfulh transplanted, 
wnthout partial th^ roidectomr w’as ot necessit) taken from another 
animal, and was therefore a homograft Halsted - several }ears latei 
arrived at a similar conclusion as a result of his experimental obseiva- 
tions on autotransplantation of the parath) roid gland in dogs He 
studied the effect of var3ing the degree of palath^rold deficienc3' on 
the viability of the transplant and concluded that the graft would not 
live unless a need for this graft had been created b3" excising more 
than one half of the previouslv existing paratlnroid tissue He found 
also that when two paratlnroid glands weie simultaneous^’^ transplanted 
undei suitable conditions of deficiencr, onl3 one would sunne He 
theiefore concluded that transplanted paratlnroid tissue m excess of 
what IS uigentlv required b3 the organism does not live This concept 
has enjojed wide lecognition and indeed has frequentlv been referred 
to as Halsted’s law of deficienc3' ” The teleologic implications of this 

From the Laborator\ of Surgical Rebcarch, Har\ard Iiledical School 

1 Cnstiani, H Eiolution des greffes th^ roidiennes superflues, Compt rend 
Soc de biol 58 361 1905 

2 Halsted, W S Auto- and Isotransplantation, in Dogs, of the Parathy- 
roid Glandules, J Exper yied 11 175, 1909 
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several dogs by administering large doses of viosterol or parathyroid extract post- 
operatively— a possibility which comes to mind if the “law of deficiency" holds 
true In three dogs m which a transplantation had been performed wnth a defi- 
ciency of only 25 per cent the functional as well as the microscopic survnal of 
the graft was tested by remocmg the remaining three parathyro-d glands at a 
second operation and obser\ing the dog for tetanj 



Fig 5— Section of muscle containing a graft from dog C-62, with parathyroid 
deficiency of 100 per cent A shows the graft removed after sixty da)s The 
dog had received 30 drops of viosterol daily since the time of grafting B shows 
the same section under high power magnification 

After an interval varying from five to one hundrea and thirty-four days the 
segment of muscle containing the graft was remored and examined microscopica y 




^'S 1 — Sections of muscles containing grafts from dogs with a parath\ roid 
deficienc} of 25 per cent A shows the section from dog C-11, from which one 
pantlnroid gland had been remo\ed and reimplanted into the muscle of the neck 
The graft was excised after twenta-one days B shows the same section under 
high power magnification C is the section from dog C-136 The graft was 
excised after tw cut) -eight da^s Remo\al of the remaining three paratlwroid glands 
three da^s preMoush failed to cause tetam, indicating that the graft was func- 
tioning 
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of the giafts showed paitial leplacement by fibious tissue, and in a 
{e\v of the expenments the graft could not be found In these the graft 
ma) have been overlooked m sectioning the block of muscle or had 
pel haps been completely absoibed These changes, however, were seen 
m the experiments in which the deficiencj^ was 100 per cent about as 
fiequentlv as in those m which it was onl}^ 25 per cent 



Figure 6, A and B 

F,g 6-Scct.o„, o! muscle coutammg grafts removed ‘‘“J 

“er's.:: da;' F, the same seCon under f I 

the graft removed from the left side after S.Mt dats, O, the same 
high power magnification 

The micioscopic stud)- of the giafts is interesting “ 
utttn.e of the fib.ot.c changes The fibres, s ttas never diffuse bn. 



Fig 3 — Sections of muscle contnining grafts from dog C-60 ^\lth a pantln- 
roid deficienc\ of 50 per cent Two grafts were placed simultaneousK, one in 
each side of the neck A shows a graft remoied from the right side after sixta 
dais B shows the same section under high power magnification C shows the 
graft rcmo\ ed from the left side after si\t\ da\ s 
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This study has not included the question of the survival of the grafts 
over a period of years It is possible that the factor of deficiency ma} 
play a idle in the ultimate survival of these giafts, although my experi- 
ments have shown nothing to indicate this 

CONCLUSIONS 

1 Autotiansplantation of the parathyroid gland in dogs is successful 
when only one parath 3 ’'roid gland has been remoied as well as when 
all foiii have been removed 

2 When two autografts are transplanted simultaneously they may 
both survive when the paiathyioid deficiency at the time of grafting is 
only 50 per cent as well as when it is 100 per cent 

3 The administration of laige amounts of parathormone or 
viosterol does not inhibit the survival of an autograft of parathyroid 
tissue 

4 The 111 gent ph)'^siologic need of the organism for parathyroid tissue 
does not appeal to be a requisite for the survival of the autograft 

The photomicrographs were supplied b\ Dr Robert Gross 
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performed Since a dog deprued of all tour paratn^rold glands r\ill die of 
tetanv within a few da-ss unless proper measures are taken, the dogs in the latter 
group were prepared bi gning them from 10 to 20 drops of Mosterol daih for 
irom two to three weeks before operation and calcium lactate bi mouth for from 
one to tw'o weeks postoperatnelj ^ 



Figure 4, D and E 


In «e\eral dogs two grafts were placed at the same time, one m the muscle 
on either side of the neck, to see whether, as Halsted had found onh one of these 
would sunue An attempt was made to preient the surinal of the graft in 


4 Tones, J H , Rapoport, :M , and Modes, H L The Effect of Irradiated 
Ergosterol on Tin roparathi roidectomized Dogs, T Biochem 86 267, 1930 
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incisions in tlie upper part of the abdomen and especially frequent after 
operations on the gallbladder and gastro-enterostomies, and they 
expressed the belief that the major causes are cough, infection and 
gastric lavage Their mortality rate was 44 per cent of all eviscerations 
Colp ^ expressed the belief that the underlying lesion is the important 
factor m evisceration 

Grace, like Sokolov and Meleney and Howes, found the largest num- 
ber of eviscerations after operations in the upper part of the abdomen 
He found the mortality Ion er in those patients in whom evisceration 
occurred before the fifth day postoperatively than m those in whom it 
occurred later White'' agreed as to the frequency of CMsceration 
following operations in the upper part of the abdomen 

Baldn in ° noted that he had observed no evisceration since he began 
leaving sutures m place for fourteen daj's and keeping patients in the 
hospital for three weeivs 

Von Gusnar " reported 10 cases, all in men, and listed the occurrence 
as 0 41 per cent of the laparotomies performed at his hospital 

Sigalas ® published an excellent review of the literature and analyzed 
the 163 cases reported there plus 8 cases from his practice and that of 
his colleagues He found that 127 of the patients were women, 30 were 
men and the sex of the remaining 14 had not been noted He found, 
contraiy to reports of the writers previously mentioned, that a larger 
number of cases were in patients with incisions in the low er part of the 
abdomen and that gynecological operations w'cre the most common type 
Freeman ® also found that eviscerations occurred most commonly after 
operations on the low'er part of the abdomen Only 11 cases of carci- 
noma were listed by Sigalas He expressed the belief that neither the 
type of suture nor the time of its removal is of any importance 

Starr and Nason reported the results of a fifteen year survev, 
with 2,455 abdominal operations performed and 15 eviscerations, an 
incidence of 0 61 per cent They agreed wuth Sigalas that eventration 
w'as most frequent after incisions m the low'er part of the abdomen 
Some of the authors did not mention the number of cases on which 
their conclusions w'ere based , others said nothing as to whether cases of 
gynecological and obstetric conditions w'ere included in their study 


3 Colp, Ralph Ann Surg 99 14 (Jan) 1934 

4 Grace, R V Ann Surg 99 28 (Jan ) 1934 

5 White, W C Ann Surg 99 34 (Jan ) 1934 

6 Baldwin, J F Am J Surg 25 7 (July) 1934 

7 von Gusnar, Kurt Arch f khn Chir 150 636, 1928 
S Sigalas, M Rev de chir , Pans 51 32 (Jan ) 1932 

9 Freeman, L Causes of Postoperative Rupture of Abdominal 


Incisions, 


Arch Surg 14 600 (Feb) 1927 AMnmmal 

10 Starr, A, and Nason, L H Postoperatne Rupture of Abdominal 

Wounds, JAMA 100 310 (Feb 4) 1933 
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RLSULTS 

Pa\ath\ioid Dificuncv of 2S pu Cent, Siitqk Gin//— Nine clogs weic used 
The gnft could not he found in tlucc, nnd the specimen was lost in one Of the 
fne grafts studied niicioscopicalK, all were In mg, three showing slight fibrosis 
and two marked fiiirosis (fig 1) 1 he functional test was performed in three 

of these dogs h\ rcmo\ mg the rcmaiiiing three gl iiids at a second oper ition 1 w o 
of the dogs showed no telaiu, indie itmg that the giaft was funetioiimg, and the 
third dog died of tetain Ihe speeuiien in this immal was lost 

Paiallnioid Diftiuttc\ of 50 pii Cent, Singh Gio/J— Eight dogs weie used 
The graft could not he found in two Of the siv grafts studied microscopicalh 
fne were liMiig, with moderate fibrosis (fig 2), and one was necrotie, appareiith 
resulting from a low grade in lection 

Pal atini Old Dificunev of 50 pci Cent /tin (iinflt Placid — One dog was 
used, a gland being iiiiplanted into the miisele on either side of the neck and 
examined microscopicalh two months later Both gratis showed slight fibrosis 
and, as far as could he judged histologic iU\ , were fimctioiulh aetne (fig 3) 

ParalliMoid Defirunev of JOO pci Cnii, Sim/fi Giaft — Iwehc dogs were 
used The graft could not he found in two Of the ten gratis sti died iniero 
scopicall), four showed slight fibrosis, four moderate fibrosis iitd two were 
necrotic (fig 4) 

One dog was guen 1 cc ol paratlnroid extriet subeul meoiish daih lor one 
month following operation At the end of this period the grill w is in good con 
ditioii with airtualh no fibrosis 

One dog was gnen 40 drojis of \iosterol daih for two nionlhs postoperatneh, as 
well as the usual prcoperatue preparation \t the end of this period the graft 
was in good condition, with \er\ lilllc fibrosis (fig a) 

Paiath\ioid Diftcicncv of 100 pii Ciiil Izio Giafii — Two dogs were used 
All four grafts were rccoicrcd In one dog tlici were liiiiig but showed moderate 
fibrosis at the end of one moiitli In the other dog both grafts were in excellent 
condition, with acrj little fibrosis, at the end of two months (fig 6) 

COMMLNT 

In ^he foicgomg studies it is seen that the giaft siimved and in 
many instances retained its oiiginal si/c and slinctnic in expeinncnts 
in which a deficiency of only 25 and 50 pci cent had been cicated as 
w'cll as in those in which Ihcie was a deficicnc} of 100 pci cent INIost 

S In determining the degree of paratlw roid deficicnci a possible source ot 
error lies m the occasional occurrence of accessors parathi roid glands These 
are said (Shapiro and Jaffc Endocriiiolog}' 7 720, 1923) to occur in dogs witli 
a frequency of about 6 per cent Thus the exact degree of paratln roid deficienci 
in the individual experiments cannot be determined Iloweier this factor must 
ha\e been largely canceled bv the number of dogs used in each of the foregoing 
senes of experiments kloreover, one can assume that functionalh this acccsson 
parathyroid tissue is of little plnsiologic importance during the first few dajs 
after operation or during the period in which the immediate suiiival of the 
transplant is at stake, because it is never sufficient to prevent fatal tetaiw m dogs 
deprned of all four parathjroid glands unless artificial substitution therapy is 
given 
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confined to the centci and pciiphciy of the tiansplants Tins finding 
in Itself might suggest that theie Mas no geneial inhibitoiy endociine 
factoi invohed It seems hkeh that the cential fibiosis Mhich was as 
a iiile moie extensne in the laigci giafts, lepiesents the initial neciosis 



Figure 6, C and D 

of that poition ivhich ivas not revasculai ized sufficiently soon fiom 
the sui rounding muscle The peripheial fibrosis probably lepiesents 
reaction to the trauma at the time of grafting It did not appeal to be 
piogressive as it ivas not more marked in grafts of two or three months’ 
duration than in those removed foi study after onl}" two or three iveeks 
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evisceration occuned betueen two tension sutures while these sutures 
were still in phce and intact as shown at the time of secondary closure 
Most of the investigators cited who hav^e made any note as to the 
most common period postoperatively in which evnsceration occurs have 
found that in the majorit} of the cases the rupture occurred between the 
seventh and the tenth day Of 31 cases m which we have a record of 
the time of the ruptuie evisceration occurred m 19, or 594 per cent 
between the sixth and the ninth da}^, with 6 cases each on the eighth 
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Chart 1 — Incidence of evisceration according to tvpe of operation and number 
of davs after the operation 

and the ninth day Three patients had rupture of the abdominal wound 
as earlv' as the fourth day and 1 as late as the fourteenth da> Ot the 
3 cases in which evisceration occurred on the fourth da} 1 w^as an 
instance of hysterectoinj in a patient with organic heart disease and 
mitral insufficiency, the second was one of exploratory laparotom} 
suspected cholecystitis with an adherent inflamed and retrocecal app^- 
dix as the only finding, the third case was one of obstrudion o 
transverse and descending colon b} large fecal masses Of / cases 
which evisceration occurred between the eleventh and the four 














EVISCERATION FOLLOWING ABDOMINAL 
OPERATIONS 

RXLPII B BET1M\N, MD 

\ND 

GEMM\ M LICHTENSTEIN, MD 
cincACo 

The occutience ot c\iscciation following lapaiotomy seems to be 
unpiedictable The uncertainty of this infrequent complication is its 
chief terror \\ e ha\ e made a sui \ cy of the cases occurring m Michael 
Reese Hospital dining the past ten years and have analy7ed those fac- 
tors which seemed of impoitance to us, without howeici being able 
to reach any definite conclusions 

In going through the more recent hteiatiire on this subject, w'c found 
that Sokoloi ^ had anahzed the largest senes He studied reports of 732 
cases collected from clinics throughout Europe and e\en from America 
Not all the case histones gaie all the information he desned He found 
that almost twice as many men w’cic cvisceiated as women and that the 
highest incidence (55 5 per cent) was m the first siv months of the 
\ear, which he thought was due to a lowenng of the vitamin C content 
of the body He found that incisions in the upper part of the abdomen 
ruptured more frequently than did incisions in the lowei part, that the 
greatest numbei of luptures w'cre in cases of malignant disease and that 
operations on the stomach headed the list of tjpes of operations after 
wdiich evisceration occurred He stated that cMsceration occurs after 
fiom 2 to 3 per cent of all laparotomies He found that the maximum 
number of eviscerations occuned betw'ccn the seventh and the tenth day 
postoperatively and that the largest numbei occuned m patients between 
the ages of 30 and 60 The mortality was 32 1 pei cent m cases m 
which resuturing w'as done and 35 5 per cent m cases in which it was 
not done 

Meleney and Howies - m their study' found that only from 1 to 2 per 
cent of the abdominal operations performed at the Presby'tenan Hos- 
pital in New' York ivere followed by evisceration They agreed with 
Sokolov as to the postoperative period in w'hich most ruptures occurred 
Meleney and Howes found evisceration most common after vertical 

From the Gallbladder Group, Michael Reese Hospital 

1 Sokolov, S S Vestnik chir 45-46 219, 1931 , Internat Abstr Surg 
55 157, 1931 , Ergebn d Chir u Orthop 25 306, 1932 

2 Meleney, F L , and Howes, E L Disruption of Abdominal Wounds with 
Protrusion of Viscera, Ann Surg 99 5 (Jan ) 1934 
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three hours after a secondary closure had been done Two had had 
h 3 pertensne heart disease and arteriosclerosis One of these patients 
died The other had a hysterectomj for fibromyoma, but previous to 
her admission to this hospital she had had seven high a oltage roentgen 
ray treatments o\ er a period of tu o years , while she Avas in the 
hospital and on her fourth postoperatiA'e day, a gangrenous area dei'cl- 
oped OAer the buttocks, aaIiicIi A\as diagnosed as a roentgen ray burn, 
so AAC cannot but question AAhether these treatments affected the heal- 
mg pOA\ers of the patient One patient had thrombo-angiitis obliterans 
AAith spasticity of the Acssels ot the leg A ganghonectomy Avas done, 
AAith marked imprOA'ement in the efficienc}’^ of the circulation in the 
patient’s legs but CAisceration occurred on the sixth da 3 ^ and he died 
eleAen days later Postmortem examination 'shoA\ed arteriosclerotic 
stenosis and ulceration of both the mesenteric arteries and A'eins, AAith 
terminal thrombosis 

TAAehe of our patients died This mortalit}, 37 5 per cent, is in 
agreement A\ith the figures gnen b}^ other Ainters All our patients 
had secondary closures In a icaa of Grace’s statement that the mortality 
IS loAAcr in those cases in aaIiicIi eAisceration occurs before the fifth 
da}, Ave studied our cases from tins point of aucaa Of the 5 patients 
in AAhom evisceration occurred on or before the fifth day, 4, or 80 per 
cent, died, all 3 of those in AAhom cAusceration occurred on the fourth 
da}' died Of the 26 patients m AAhom eAisceration occurred after the 
fifth postoperatiA e day, 8, or 31 per cent, died 

In the stud} of these 32 cases the one feature AA'hich struck us 
most forcibl} A\as the fact that the incidence of CAusceration AA'as not 
spread eAenly OAer the ten }ears but seemed to occur in groups, (this 
fact AA as noted b}' Maes and his associates hkeAAuse) for example, 
from August 1925 until January 1929, there aahs but a single eviscera- 
tion, and again during the period from iMarch 1932 to January 1934 
there AAere no ca iscerations On the other hand, there AAcre 2 eviscera- 
tions m iNIay 1925, 3 in Juh 1931 5 from Januar}' to March 1932, 
3 during September and October 1934 This giouping of CA'iscerations 
IS not explicable on the basis of epidemics of grip bronchopneumonia or 
other infections No change in operating room technic can be held 
accountable During the period from iMarch 1932 to January 1934, 
during AAhich not a single ei'isceration occurred, a certain brand of 
catgut Avas used exclusnely, aaIuIc a different brand of catgut aaes 
used during the preceding and subsequent periods, in AAhich 5 ca iscera- 
tions occurred in three months and 2 in one month Hgaa'ca'cv, as there 
hare been periods of seieral months AAithout an einsceration eien 

12 Maes, U , Boice, F F and McFetndge, E M Post-Operatn e Eiiscera 
tion vith Anahsis of Forh-Four Cases, Ann Surg 100 968 (No\ ) 193 
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In out own in\ estimation we ha\c included all cases of luptuie of 
abdominal wounds with piotiusion of the omentum ot the Msceia 'We 
tound 32 cases of evisceiation occuiring between Jan 1, 1925, and Jan 
1, 1935 Dining this same peiiod thcie w-eic 12,445 abdominal opeia- 
tions, including 5 262 appendectomies Most of these appendectomies 
w'ere made wuth the McBurncy incision one w'hich man) authois feel is 
not conducne to cMsceration We think that it w'ould, perhaps, make 
our peicentage of incidence of cMscciation moic accuiate if we sub- 
tiacted most of the 5,000 appendectomies fiom oui total niimbei 
of lapaiotomies leaving approximately 7 500 opeiations exclusive of 
jMcBurney incisions E\cn with this i eduction in the numbei of 
opeiations our incidence of eviscerations is only 0 43 per cent, which is 
about the figuie gnen by von Gtisnar and is moie than McCauhff’s ” 
but IS less than any of the otheis 

Of the 32 patients 10 (31 3 per cent) wcic men and 22 were women 
Our findings m this respect agiee with those of Sigalas and aie the 
re\eise of those of almost e\crv other nncstigatoi Sigalas and Sokoloi 
definitely listed instances of g\ nccological conditions among then cases 
which naturalh affected the findings L nfortimatelv some of the othei 
authors failed to mention wdiethei they included such cases oi not In 
our hospital there are appioximately twice as many women as men 
having laparotomies, so this neutiah/es the predominance of eiisceia- 
tion m w'omen as compared w ith men 

The ages of our patients varied from 6 weeks to 65 ^ears with 70 
pel cent of them between the ages of 40 and 60 

As to the types of operations aftei wdiich evisceiation occuired, we 
found in our series that 13 (40 6 per cent) follow^cd hysterectomies, of 
wdnch 1 was for carcinoma and 1 for sarcoma , 6 cholecystectomies and 
4, operations on the stomach, 2 of which weie resections for carcinoma 
and 2 w^ere for the purpose of suturing ruptiiied peptic ulcers In our 
whole series there were 6 cases of malignant disease, 5 of caicinoma 
and 1 of sarcoma, these constitute less than 19 per cent of our cases 
Three eviscerations occurred after cesarean sections Four occurred in 
patients operated on for intestinal obstruction 

Just as Sigalas and Stair and Nason noted more instances of inci- 
sion in the lower pait of the abdomen than in the upper part in then 
group of cases of evisceiation, so we noted that 18 (56 3 per cent) of 
our patients had incisions in the lower part of the abdomen "VWe found 
that the median incision is most conducive to evisceration, as 20 of oui 
patients had midhne incisions Of course one wondeis what percentage 
of our total number of operations were made with a midhne incision, 
but, unfortunately, such figures could be obtained only with more labor 

11 McCauhff, G T J Iowa M Soc 23 347 (July) 1933 
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URETHRA 

I alz’cs — Counseller and Menulle^® stated that congenital vahes 
ot the postenoi poition of the urethra obstruct the flow ot urine and bv 
backwaid pressuie pioduce renal damage which senousE endangers 
the hte of the patient Anatomicalh , the valves ma} be represented 
by ridges mucosal folds or fibious diaphragms cohered b) mucosa, 
and the laiieties fall into one or more of three types In type 1, a ndge 
which divides into tw^o foiKlike processes is continuous with the 
veiumontanum antenorl}'- on the floor of the urethra These processes 
ate thm membranous sheets which extend upward and forward and 
which may be attached to the urethra thiough its circumference In 
this gioup IS included the nonbifurcated oi single type of valve Intxpe 
2 the ridge extends from the Aerumontanum toward the bladder and 
divides, similail)’’ to those m type 1, that is, distal to the interna! 
Sphincter T3'pe 3 was fiist described b}^ Tarjavy, who termed it “ms 
valve” because of its similaiih’’ to the shape of the ins of the eye The 
ms vahe ocems at various le\els and is attached to the circumference 
of the posteiior poition of the iiiethia There is usual!}" one opening 
in tlie valve, and it laries in size and in position These three t}pes 

J Deceased 

49 Counseller, V S and ilenuflc T G Congenital Vahes of the Posterior 
Urethra, J Urol 34 268 (Sept ) 1935 
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than seems justified In the %alue of the lesults Ho\\e\er we feel con- 
Mnced that the percentage of nndhne incisions as compaied to that of 
light and left rectus incisions is much smaller than the 62 5 pei cent of 
eviscei ations following midline incisions 

We did not feel that the method of wound closuie made a gieat deal 
of difference, for almost as many types of sutuies and methods of 
closure are used m the Alichael Reese Hospital as there aie surgeons 
w'oiking However m all our cases the incision was closed m layers, 
and in all plain or chromic catgut oi both were used for the deeper 
layers The skin was closed either w'lth silk or deimal suture oi with 
clips In only 21 of the cases was there any definite note as to whether 
tension sutures were used In 15 of these cases tension sutuies w^eie 
used We helieie that thei are of little or no help for m 10 cases 
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The symptoms of congenital valvular obstruction in the posterior 
portion of the uiethia vary with the degree of obstiuction and the 
presence of infection In mild cases in which a unilateral ^alve is 
present, oi when the aiiangement of the valves is such as to produce a 
mild obstiuction, there may be no S3'mptoms until infection supervenes 
In the majority of cases of urinary difficulty, a small stream, dribbling, 
frequency and enuresis are common symptoms Frequency, even in the 
absence of infection, is common in all but the late stages of the disease 
because of the i educed elasticity and working capacity of the hypei- 
trophic bladder When infection is present there are dysuria and urgency 
The intensity of the reaction depends on the type of the infecting 
organism and on the extent of involvement Bacterial invasion rapidlv 
desti 0 } s the renal tissue wdiich has escaped hj'di onephrotic atroph}', and 
renal function is pioportionately reduced 

The diagnosis fiequentl}'^ can be made from the history The disease 
occurs in jmung male childien in whom other types of obstruction 
below’’ the bladdei are uncommon An intractable pvuria m young boys 
is suggestive of valvular obstruction In advanced stages the abdomen 
may be piomment as a result of a dilated bladder, hvdro-ureters and 
hydronephrotic kidnejs There is often residual uiine Cystograins 
usually demonstiate the piesence of a dilated posterior portion of the 
urethra, and not infrequently remaiKable uieterograms and pyelograms 
are obtained bj lefltix filling of these dilated structures from the bladder 
The difteiential diagnosis in children includes a consideration of con- 
genital diverticulum of the urethra, congenital strictuie of the urethra, 
congenital hypertrophy of the verumontanum, \esical calculus and con- 
tracture of the vesical orifice 

The treatment of congenital valvular obstiuction of the posteiioi 
poition of the urethra consists of suigical removal of the vahes Irans- 
urethral lemoval by means of Young’s punch is an eftective and simple 
method Fulguration thiough the operating cystoscope and removal by 
small cystoscopic scissors have been successful in a number of cases 
The prognosis depends directlv on the amount oi permanent renal 
damage Renal impairment is the lesult of increased pressure m the 
urinary tract, wuth resulting dilatation of the ureteis and renal pehis 
and IS proportional to the degree and duiation of the obstruction in the 
posterioi portion of the iirethia 

Reconstuictwn —Fianis ®Wepojted 5 cases in wdnch theie was com- 
plete desti action oi the urethra in association wnth vesicovaginal fistu a 
Since under the circumstances for wdiich the operation is to be under 
taken the sphincter of the bladder and posterior wall of the urethra 

51 Hams, S H Reconstruction of the Female Urethra, Surg G\nec & 
Obst 61 366’ (Sept) 1935 
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postopeiatne cla^, 4 \\eie instances ol malignant disease In the othei 
2 cases of malignant disease CMsceiation occmied on the eighth and 
ninth da}s As one half of the cases m ^\hlch evisceiation occmied 
late ^^ere instances of malignant disease and as it is the tendency foi 
surgeons to lca\e skin and tension sutuies m longei m such cases than 
m the a^erage we wonder whethci the tact that the wound was closed 
was not lesponsible foi the appaient lateness of eMsceiation Furthei- 
inoie, It seems to us that this tends to show that the length of time that 
the skin sutnies leinain m the wound has actualh Aei\ little to do wuth 
insuiing the healing of the wound This is contian to Baldwnn’s belief 
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Onrt 2 — Incidence of cMScention according to month and a ear 

that the number of his cases of ecisceiation has decreased ownng to the 
longer period during wdneh he leaves the siitui es m situ 

Various authois, notably jMeleney and Howies, have expiessed the 
belief that extrinsic factois are important Thev stated that cough 
w'ound infection and gastric lavage are of great influence m causing 
evisceration We found that in only 4 of the 31 cases on which we 
have details had w'ound infections occurred This incidence is less 
than 13 per cent Severe vomiting occuired in 39 per cent of oui 
patients and severe coughing in 16 per cent Gastric lavage w^as done 
in 7 patients, only 22 5 pei cent One patient had a positive Wasser- 
mann reaction, 2 had bronchopneumonia, of wdiom 1 recoveied, 1 
had diabetes, w'ell controlled, and left the hospital m good condition 
Tw'o patients had rheumatic heait disease, 1 of them died suddenh 
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of symptoms The extent of the lesion as compared with the recent 
development of signs and symptoms is of some diagnostic significance 
The symptoms and signs are urinary obstruction, visible tumor and 
chronic initation either from infection or from trauma The majority 
of the tumois aie nonpedunculated, although there is no characteristic 
appearance in the eaity stage Because the symptoms develop late 
in the disease, microscopic examination should be made of all tume- 
factions and of all caruncles, ectiopions or innocent-looking papillary 
growths Late in the disease the outstanding characteristics of carcinoma 
are induiation, ulceiation and bleeding and tenderness on palpation 
Primary metastasis takes place in the inguinal and pelvic lymph nodes 

The results of tieatment b}' any method are on the whole unsatis- 
factory From a leview of the leported cases and results in his own, 
Menville recommended radical extirpation of growths which are not too 
extensive and complete removal of which is possible The cases best 
suited for suigical treatment aie those in which the tumor is limited 
to the anterior portion of the urethra The inguinal lymph nodes should 
also be removed surgically When the growths are extensive and beyond 
the possibility of complete extirpation, they are probably best treated 
by small and repeated doses of radium and roentgen rays 

GENITAL TUBERCULOSIS 

Young presented a series of statistics which are m complete agree- 
ment as to the following facts concerning genital tuberculosis The 
disease arises more commonly in the prostate gland and vesicles than in 
the epididymis Genital tuberculosis is ultimately accompanied by tuber- 
culosis of the lungs or kidneys in a large percentage of cases If the 
seminal vesicles are involved, adequate drainage is not fuinished by 
the ejaculatoiy ducts, and from this region the disease progresses 
downward to the epididymis or upward to the kidneys or lungs The 
presence of renal tuberculosis, which has occurred in about 30 per cent 
of the cases, is no bar to performing the radical operation in addition to 
nephrectomy, and cuiative results may thus be obtained The presence 
of old or recent tuberculosis of the lungs is often no contraindication to 
the radical operation , if possible, arrest of pulmonary tuberculosis should 
be assisted by removing the external foci of tubeiculosis If the dis- 
ease IS apparently localized within the scrotum, careful examinations 
should be made to determine that there is no involvement of the vesicles 
and prostrate gland before relying entirely on epididymectomy, which 
generally will not arrest tuberculosis of the vesicles Radical removal of 
the seminal tract, epididymes, vasa deferentia, vesicles and lateral lobes 

54 Young, H H Tuberculosis of the Genital Tract, JAMA 104 722 
(March 2) 1935 
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^\hen bland B catgut was used it is ob\iousl\ impossible and unfair 
to stigmatize this catgut Both brands mcideiitalh come from firms ot 
the highest reputation Fuithermoie it is luteiestmg to note that m both 
mstaiices the use of biaiid -V was discoutmued because the suigeoiis 
felt that the mcideuce of low giade wound infectious was iiici eased 
and that biaiid B seemed to gne less trouble m this lespect In other 
words, the incidence ot cMSCciations in oui senes does not seem to 
run parallel w ith that of apparenth pooi h healing w oiiiids 

St MM \R\ 

Our senes of 32 cases icpiesents all the eiiscerations occurring 
in this hospital m the past ten tears During this time 12 445 lapa- 
rotomies hate been performed Subtracting tiom this number most of 
the 5 262 appendectomies, we find that we hate had 32 etisceiations 
attei approximateh 7 500 laparotomies or an incidence ot 0 43 per 
cent The mortalitt rate after et isceiation was 37 5 per cent There were 
twice as mam cases in women a<; m men but as mam more women 
are operated on than men the se\ ot the patient apparenth plats 
no role \\ e found ctisceration occiiiimg most frequenth after opera- 
tions on the lower part ot the abdomen more often after htsterectomt 
than after ant other ttpe ot operation and more often after a midline 
incision than after other kinds ot incision There were 6 cases ot 
malignant disease in the group The etentiation occinred most fre- 
qiienth betw een the sixth and the ninth dat postoperatn elt e do 
not feel that the method of wound closure or the length of time that the 
sutures are in place is of am great significance Tension sutures 
apparenth plai little or no part m pieientmg eiisceration Compli- 
cations such as coughing loinitmg wound infection and fiequent gastric 
'aiage, seem to be of relatneh little importance Lasth the sporadic 
occuirence of our cases of eMsccration and then definite grouping at 
certain irregular inter\als aie striking 
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[Compilers Note Arguments for and against radical operations 
for tuberculosis of the genital tract have passed back and forth for eight- 
een years After following Qumby’s results and after performing a 
number of radical operations for this lesion, O’Conor performs simple 
epididymectomy, plus hygiemc treatment, heliotherapy and tuberculin 
At present he emplo3's epidid} mectomy only in those cases in which 
continual suppuration causes repeated fistulas or in which heliotherapy 
and tuberculin do not control the lesions After having several patients 
die rapidly of tuberculosis when epididy^mectomy was done in acutely 
active cases, O Conor now insists on several montlis of administration 
of old tuberculin plus hygienic treatment before performing epididymec- 
tomy ] 

Farago reported a case of primary isolated tuberculosis of the 
seminal vesicles The patient complained of bloody semen On examina- 
tion the right seminal vesicle was swollen and was sensitive to pressure 
Many' clumps of tubercle bacilli were found in the seminal fluid Tuber- 
culosis W'as not found in the rest of the urogenital system or elsewhere 
m the bladder The patient w'as under observation for three and a 
quarter y'ears, and the condition remained isolated 


HEMATURIA IN PREGNANCY 

Morns reported that m a routine study' of 154 cases of disturbance 
of the urinary' tract during pregnancy hematuria occurred in 30 cases 
Cy'stitis W'as present m all of these cases Py ehtis occurred m 22 cases, 
in 20 being bilateral and in 2 unilateral Hy'dronephrosis occurred m 10 
cases, in 2 being bilateral and m 8 unilateral Pyonephrosis of the right 
kidney occurred in 2 cases There was ptosis of the kidney m 9 cases, 
it was bilateral in 4 cases, on the right side in 4 and on the left in 1 
Megalo-ureter w'as obsen'ed in 11 cases, in 4 it was bilateral, in 6 on the 
right side and in 1 on the left side There w'as calculus of the right 
ureter m 2 cases, and ureteritis w'as present m 2 cases, in 1 bilaterally 
and m the other on the right side Morris concluded that hematuria 
IS a grave complication of pregnancy' and that the patient should have a 
tliorough urologic investigation 


URINARV INFECTION 

Crance and Maloney presented a new treatment for bacilluria of 
the Escherichia variety, in which nitrohydrochlonc acid is used This acid 


56 Farago, Gjorgj Fall einer pnmaren, isolierten Samenblasen^bertalose 
LXI Wissenschafthche Sitzung der Unganschen Urologischen Geselisc a 

Ztschr f urol Chir 40 207, 1934 t a M A 

57 Morns, H L Hematuria as a Complication of Pregnancj, J A i 


105.403 (Aug 10) 1935 

58 Crance, A M, and ilaloney, T W A New 
Treatment of Bacillona, J Urol 33 657 (June) 1935 


Acid Medication m the 
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sene as a geneial classification but in each theie aie wide vaiiations 
Ihe anomalous Aahes will become CMdcnt at an eaily age because of 
then obstiuctive symptoms A leview of 84 cases in the hteiatuie 
ie\ealed that m 75 pei cent sjmptoms appealed at oi befoie 10 yeais 
of age and that m 52 pei cent they ueie e\ident at or befoie the age of 5 
\eais 

A Aahe yhich obstiucts yill inevitably pioduce hypertiophy and 
dilatation of the vesical vail dilatation of the uieteis and pelves 
and atiophy of the renal paienchyma A funnel-shaped or lelaxed 
Aesical outlet and dilatation of the posteiioi poition of the urethia 
proximal to the obstiuction aic othei fiequent findings In mature 
patients and m some }oung patients ^alMllal obstiuction piesents a 
pictuie on cystoscopic examination vhich, with the exception of the 
^eslcal neck is similai to that of piostatic obstiuction vhich has been 
piesent loi some time 

Symptoms maN be classed as cail\ and late the eaily ones aie 
pioduced b\ local obstruction and infection, while the late ones aie 
manifestations of impaiied icnal function which is secondaiy to urinary 
obstiuction In cases m which the condition aftccts childien, fietfulness, 
loss ot weight 01 failuic to gam weight, a piotiibeiant abdomen 
secondai} to a distended bladdei and difficult} in staiting the urinai}’' 
sticam and m loidmg are among the eaily manifestations, all of which 
ma\ date back to biith 

Logical niteipietation of an accuiately taken history and physical 
examination wall lead to propei urologic piocediires and usually to a 
coirect diagnosis In cases of scveie urinaiy obstruction, catheteiiza- 
tion of an oi erdistended bladdei is tbe fiist procedure, obstiuction m 
the posterioi poition of the urethia is the most usual finding 

Treatment is based on the relief of iiimaiy obstiuction If the 
geneial condition of the patient is pool extensive treatment should 
be postponed and palhatne measuies should be instituted In cases in 
wdiich instiuments can be passed into the uiethra, the condition should 
be treated transurethrally in a manner similar to the methods used in 
lesection of the prostate gland 

Landes and Rail stated that the etiology of valvular obstruction 
of the posteiioi portion of the urethia is not definitely established The 
early anatomists regaided it as being due to dilated lacunae, abeirant 
folds of mucosa, adherent masses of fibrin wdnch had become organized 
01 inflaininatory changes m the mucosa of the canal The fiequent 
occurrence of such obstiuction in infancy and in childhood suggests a 
congenital origin 

50 Landes, H E , and Rail, Richard Congenital Valvular Obstruction of 
the Posterior Urethra, J Urol 34 254 (Sept) 1935 
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to form an} de&nte conclusions, a number of cases ha^e been obsened 
in '\\hicli there has been marked improiement folloning its use 


PVURI-l 

Briggs'® presented a renew of the literature on so-called aseptic 
p} uria and reported 3 cases of the condition Tw o of the most reasonable 
news in regard to the etiolog} are that the infection is caused b} a 
filtrable nrus or ultramicroscopic micro-organism and that the gram- 
positne organisms entrenched in tlie renal parench}ma cause an inflam- 
maton reaction mtii an exudation of pus into the renal pelvis The 
latter theor} is substantiated by the facts that Runeberg found staph) lo- 
cocci in the lesions of kidneys he remo\ed for this condition, that when 
any organisms were found in the laborator) they were staphylococa 
and that neoarsphenamine is almost a specific in the treatment of renal 
infections caused b) gram-positne organisms and acted like a specific 
in these cases Neoarsphenamine was remarkabh effective in the cases 
of Gross Neckers, Bumpus and the 3 cases herein reported Bnggs 
was of the belief that it should be more extensnely used in order to 
pre\ ent nephrectonn in cases of unilateral p) una and continuous severe 
suffenng in cases of bilateral pyuria Since neoarsphenamine ma) cause 
exfollatl^e dermatitis, anemia and acute }ellow* atrophy of the Iner, 
it should not be used until other less dangerous medicines ha\e been 
tried 

CRIXARY AXTISEPSIS 

Heatiicote has made a i er) thorough stud} of hexamine, from the 
standpoint, first, of its rate of Indrohsis at different hydrogen ion 
concentrations and second, of its antiseptic power against various 
bacteria in unne In the first part of the studv the rate of h}drolysis 
into formaldelwde was determined with and witliout standard buffer 
solutions All the methods in common use for the estimation of formal- 
dehyde are either rendered invalid by the presence of hexamine or 
require the use of strong acids or alkalis w ith or w ithout the use of beat, 
both of wluch substances will evudenth completely upset the determina- 
tion of the rate of h} drolv sis at a definite pH The method finally adopted 
w as the determination of freed ammonia by indirect titration Ten senes 
of experiments were performed at different values of pn, ^ar3'l^g from 
0 1 to 7 Each senes was carried out at three ranges of temperature 
(1)37C (7)and 375 C (3) , (2) 32 C (4) 31 5 C (4)and305C 


60 Bnggs, W T • Neoarsphenamine in So-Called Stenie Fyanz, J Urol 

34 230 (Sept) 1935 „ . 

61 Heathcote, IL St A. Hexamine as an Unnaiv Antiseptic 1 its 

of Hv drolv SIS at Different Hydrogen Ion Conrentrations , 11 Its Anfaseptic Bow 
Against Vanous Bactena in Unne, Bnt. J Urol 7 9 (ifarch) 19 a 
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have been moie or less completely destioyed, it is necessaiy not only 
to fashion a new urethia but also to piovide it with an efficient cut-off 
muscle Some tags or bands of tissue are likely to be present m the 
region of the urethra, especially in postobstetnc cases These should 
be trimmed off level with the mucosa of the vagina and allowed to heal 
before the plastic operation is undertalven 

The operation consisted of making a U-shaped incision surrounding 
the vesicovaginal orifice, the open end of the U terminating at the 
oiieinal site of the external orifice of the urethra The incision was 
deepened for about 3 mm , and the wall of the vagina beyond the line 
of the incision was undermined all around to form lateral flaps The 
portion of the vagina embraced by the U-shaped incision was not further 
disturbed, except by the sutures employed to bring its edges together 
in the midline to reform the urethral tube A new sphincter was then 
fashioned from the muscles of the base of the bladder, and the lateral 
flaps were sewed together over all, the restoration of the urethra being 
thus completed Actually the region of the fistula was covered by three 
or four superimposed layers, whereas in the lower part of the new 
urethra only two layers were formed Suprapubic cystotomy concluded 
the operation Urethral drainage was not used The operation is simple 
and makes use of principles well known in the plastic surgical operations 
on the male urethra The absence of tension leaves little room for failure 
ivhen reasonable precautions are taken 

Ttiinms — Scheibel®- reported a case of primary carcinoma of the 
urethra in a man 71 years old The giowth occurred in the fossa 
naviculans, and there was metastasis to both inguinal regions Histo- 
logically, the tumor was of squamous cell origin Its situation was quite 
unusual, and as Scheibel did not believe that surgical removal would 
be successful, the growth was treated with roentgen rays This treat- 
ment caused the tumor to disappear and the involved region to heal 
completely 

Menville reviewed 10 cases of a primary malignant growth m the 
female urethra, bringing the total reported to 149 The majority of early 
lesions are located near the meatus, and it is suggested that the para- 
urethral duct emptying on either side of the external urethral orifice, 
which is susceptible to infection and trauma, is frequently the point of 
origin The average age incidence is 53 4 years 

Carcinoma of the urethra grows slowly , yet the physician usually 
sees the patient late in the disease because of the relatively late onset 

52 Scheibel, Pal Pnmarer Harnrohrenkrebs beim Mann' LXII Wissen- 
schaftliche Sitzung der Unganschen Urologischen Gesellschaft anlasslich der 
Unganschen Arztewoche, Ztschr f urol Chir 40 209, 1934 

53 Menville, J G Primary Neoplasms of the Female Urethra, Surg, 
Gynec Obst 61 229 (Aug) 1935 
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doubtful effect with B coli-communis and a considerable effect in the 
case of B coli-alcaligenes , six hours’ exposure produced a doubtful 
effect in the case of Staph aureus, but a well marked action on the 
other organisms, (3) at pjj 5 the growth of Staph aureus was definitely 
reduced by six, but only doubtfully by three, hours’ exposure, m the 
case of the other organisms the acidity of the medium itself was sufficient 
to obscure the effect of hexamme, (4) similar experiments with borax, 
in a dilution of 1 500 and at pu S 5, showed no effect to be produced on 
Staph aureus but a considerable reduction m growth m the case of 
the other organisms 

Two factors are of the greatest importance in the question as to 
whether an antiseptic strength of formaldehyde will be reached in the 
urine of a patient taking hexamme time and the reaction of the urine 
In cases of infection of the upper part of tlie urinary tract there will 
not be sufficient time for such a strength to be developed In cases 
of acute cystitis, urine sufficiently acid to produce such a strength of 
formaldehyde will cause such pain and frequency of micturition as to 
prevent any effective action In cases of chronic cystitis there may 
be hope of reaching an antiseptic strength of formaldehyde over a 
period long enough to be effective Hexamme might be a valuable 
prophylactic in cases in which repeated catheterization is needed Borax 
might be of value m the treatment of acute or chronic cystitis, especially 
if due to a cohform organism 


UROGRAPHY 

Cahill stated that tumors and enlargements of the adrenal glands 
have been diagnosed by roentgen examination, either through the density 
of the shadow made by the tumor itself or through displacement by 
the tumor of some shadow-forming organ, such as the kidney 

Langeron in 1929 showed that intraperitoneal injection of air would 
permit visualization of an adrenal tumor Since 1930 Cahill has used 
injections of gas after the manner of Carelli for the determination 
of pathologic conditions in the renal region This has been of value in 
cases of tumor adjacent to the kidney, particularly for tumors of adrenal 
origin At first the method used was that described by Carelli, with 
the introduction of a measured amount of gas by transferring fluid 
from one cylinder to another, driving the measured amount into the 
perirenal space under a definite known pressure of gravity This was 
modified by using air instead of carbon dioxide, and the procedure 
was simplified by using a manometer in the manner of introducing air 
into the pleural cavity The method was further simplified by straij, 

62 Cahill, G F Air Injections to Demonstrate the Adrenals, J Urol 34 
238 (Sept) 1935 
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of the prostate gland is the operation of choice in the treatment of genital 
tuberculosis 

Braasch,®^ in discussing genital tuberculosis, stated that the operation 
for this lesion which is described by Young, and when performed by 
him, IS a proceduie that is worthy of serious consideration Whether 
the average uiologic or general suigeon can do as well is open to 
question This is evidenced by the fact that although not many such 
operations hare been performed, Braasch has observed 3 patients 
operated on elsevhere who came because of a permanent urethrorectal 
fistula Care must be taken also in advising an operation that even in 
the most skilful hands has an immediate and late mortality as high 
as IS shown by Young’s figuies In the first place it must be decided 
whether so radical an operation for pangenital tuberculosis is necessary 
It IS w^ell knowm that evidence of some form of genital tuberculosis is 
present m the majority of cases of renal tuberculosis Among 1,200 
patients operated on for renal tuberculosis at the Mayo Clinic, evidence 
of mvohement of the genitalia was discovered on clinical examination 
m approximately 80 per cent of the cases Surgical treatment has usually 
been found adMsable only m the epididjmis or m the testis The tuber- 
culous epididymis or testis should be operated on mainly because of 
the common tendenc} to suppuration and the formation of abscess In 
contrast suppuration of the prostate gland or seminal vesicles is rarely 
observed The late mortality following nephrectomy for renal tuber- 
culosis m cases of evident im oh ement of the prostate gland and seminal 
vesicles is no higher than m those wuthout such involvement Tuber- 
culosis of the epididymis is arrested by heliotherapy in many cases, 
as has been showm by a number of observers The difficulty m advising 
patients to use heliotherapy is that of securing adequate irradiation 
Furthermore, extension of the disease in the epididymis wnth involve- 
ment of the testis is sometimes observed m spite of ideal irradiation 
Braasch has obsen^ed that the tuberculous epidid)TOis is best removed 
surgically before suppuration takes place and that heliotherapy should 
be emplo3’^ed as an adjunct In this w^a}^ suppuration and involvement of 
the testis can be obviated Reexamination in cases m wdiich tuberculosis 
of the prostate gland and seminal A^esicles A\as found fir'e or ten years 
later show^s that nature has taken care of these tissues Rectal examina- 
tion usually reveals small evidence of preAuous infection In some 
instances cicatricial areas may be felt , in others, the prostate gland 
and vesicles seem to haA^e atrophied In only an occasional case is there 
any evidence of an actn^e tuberculous process The burden of proof 
still rests Avith Young m shoAving that the late mortality folloAving com- 
plete remoA^al of the genitalia is any better than Avhen they are left alone 

55 Braasch, W F , m discussion on Young 
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be recognized, however, that it is only another diagnostic procedure 
and Its findings should be checked as far as possible by retrograde 
cystoscopy Intravenous injections of urographic mediums are found 
valueless in severe cases of pyelitis of infancy, as there is no excretion 
of the medium owing to the pyelonephritis This test will supplement 
and make laluable the routine health examinations At present the 
general practitioner only examines the urine chemically and occasionally 
palpates the kidney In the future he will make intravenous urograms 
and find lesions which necessitate surgical intervention m their early 
stages 

Dos Santos described his method of arteriography for the diagnosis 
of renal and adrenal tumors Arteriography is an aid and may be 
the deciding factor m making a differential diagnosis, especially in 
obscure cases The aortographic diagnosis is based on the course, 
extension and number of the renal arteries Accurate knowledge of 
the normal anatomic situation is essential for the successful judging 
of the picture obtained Impressive examples are offered of the 
differential diagnosis of hypernephroma, cancer and angioma In hyper- 
nephroma the affected parenchyma does not contain vessels, in carci- 
nomatous kidneys the vessel channels and the A\idth of the arteries 
are irregular, partly formed new blood vessels are seen, and in some 
areas the eroded vessels form small lakes of blood In 1 case, because 
of unusually numerous and ramif^ung vessels, a diagnosis of bilateral 
renal angioma was made, which was verified at operation In another 
case, in u Inch a clinical diagnosis of new growth had been made, arteri- 
ography showed that onlj'- an artenosclerotic nephritis n as present The 
picture of the vessels m this condition is very characteristic In cases 
of suprarenal tumor it is possible for a skilful technician to note the 
typical displacements and determine between retroperitoneal growths 
and hepatic or splenic enlargements Cases of echinococcus cyst of 
the liver, sarcoma of the spleen and splenic cyst are discussed 


STATISTICS ON UKOLOGIC SUKGERY 

Counseller reported that at the Mayo Clinic in 1934, 1,636 opera- 
tions were performed on the genito-urmary tract, consisting of 2,343 
surgical procedures on 1,403 patients There were 23 deaths, a mortalitj 
of 1 6 per cent These figures represent an increase of 16 6 per cent in 
the number of patients and 34 5 per cent in the number of surgical 
procedures orer that of the preceding jear This is accounted for 


64 Dos Santos, Reynaldo L’aortographie dans les turaeurs renales et para- 

renales. Arch d mal d reins 8 313, 1934 _ 

65 Counseller, VS A Survej of Surgical Urologv for 1934, Proc S 

Meet, Majo Clin 10 515 (Aug 14) 1935 
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reduces the pH to 5 or below in apparently less time than the ketogenic 
diet and can be administered to the patient without the need of hospitali- 
zation and without change in the ordinary diet So far, urinalysis, 
regularly done in all cases, has failed to show any renal damage by 
consistent absence of albumin and casts In 1 of the cases reported in 
which the ketogenic diet failed utterly, the patient recovered completely 
under treatment with nitrohydrochlonc acid Crance and Maloney stated 
that it has been their custom to continue this treatment for approximately 
one week after culture of the urine has become sterile 

Braasch®® stated that the usual methods employed in combating 
persistent urinary infections, including medication with so-called urinary 
antiseptics, the administration of vaccines and serums and the use of 
bacteriophage, are in most cases unsatisfactory The discovery by 
Helmholz and Clark of a method of inhibiting bacterial growth in the 
urine by means of ketosis and acidification has given an accurate and 
scientific method of treatment The therapeutic value of ketosis in the 
treatment of bacillary infections of the urinary tract has been established 
by experience with several hundred patients m the past three years at 
the Mayo Clinic Although the establishment of ketosis is the major 
portion of the treatment m many cases of infection of the urinary 
tract, it IS often inefficient unless aided by other therapeutic measures 
In the majority of cases the critics of the ketogenic diet, who have 
failed to obtain satisfactory results, have overlooked the following 
factors meticulous administration of the diet, complete elimination of 
persistent foci of infection and attention to the presence of a mixed 
infection, which requires methods of treatment other than the ketogenic 
diet Even in its present simplified form it is questionable whether 
treatment with the ketogenic diet should be attempted unless the diet 
IS controlled by some one familiar with dietary regimens and the patient 
IS kept under daily observation One of the most significant obstacles to 
successful treatment of bacilluria is caused by reinfection from a per- 
sistent prostatitis Frequently usual methods of treatment, consisting 
of prostatic massage, dilation of the urethra and deep instillations, are 
unsatisfactory in eliminating this focus of reinfection In accordance 
with the suggestions of Grant, attempts have recently been made at the 
Mayo Clinic to control prostatic infection by mtraprostatic injections of 
mercurochrome In one case, on two occasions 10 cc of a solution of 
mercurochrome was injected into the prostate gland, and apparently this 
was a definite factor m diminishing the degree of prostatic infection 
Although experience with this type of injection has not been sufficient 

59 Braasch, W F , in discussion on Control of a Severe Form of Chronic 
Pyelonephritis and Prostatic Infection by the Ketogenic Diet, Proc Staff Meet , 
Mayo Chn 10 596 (Sept 18) 1935 
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incontinence because of anomalous ureter Transplantation of the ureter 
was performed in 8 cases in 4 of exstrophy, in 2 of interstitial cystitis, 
m 1 of cystitis and contracted vesical neck, and in 1 of epispadias This 
operation is of value when more consen^ative methods are not practicable 
for the treatment of severe vesicovaginal fistulas, particularly those 
produced by application of radium to carcinoma of the cervix, and in 
an occasional case in which the floor of the pelvis and neck of the 
bladder have been damaged beyond repair by parturition The mortality 
IS about 5 per cent, so that the operation should not be denied any 
patient for whom it is definitely indicated 

Among 356 patients with conditions of the kidney treated surgically 
there were only 7 deaths Frequently complicating conditions modified 
the standard treatment The cases were divided into groups neph- 
rolithiasis with or without hydronephrosis, pyelonephritis or pyone- 
phrosis , hydronephrosis without stones , malignant lesions of the kidney, 
and miscellaneous renal conditions In the first group there were 
122 cases In 26 of these one kidnej^ was functionless or so damaged 
that nephrectomy was performed Stones, single or multiple, were 
removed from the renal pelves of 78 patients without fatality Forty 
patients who had hydronephrosis without stones were subjected to 
67 surgical procedures In such cases conservative or restorative opera- 
tions arc indicated because not infrequently the lesion is bilateral and 
often one kidney has been removed for a similar condition In 21 cases, 
approximately 50 per cent, the involved kidney had been partially 
obstructed so long that it was functionless and nephrectomy was carried 
out If the condition involved the other kidney, either a plastic opera- 
tion on the renal pelvis or permanent nephrostomy was done Nineteen 
patients underwent single or multiple conservative operations for various 
degrees of hydronephrosis 

Twenty-eight patients with malignant lesions of the kidney under- 
went nephrectomy, of the lesions, 15 were hypernephromas There 
were 5 children with Wilms’ tumors The other lesions were hemangio- 
endothelioma, epithelioma and sarcoma In 1 case there was an extensive 
primary carcinoma of the adrenal gland, the kidney was adherent to 
it, and since the lesion was of grade 4, the kidney was removed together 
with the tumor In this case clinical symptoms characteristic of adrenal 
tumor were absent 

On the external genitalia 799 surgical procedures were performed 
for cryptorchidism, hypospadias, epididymitis, tumor of the testis, 
varicocele, hydrocele and phimosis or redundant prepuce Fifty-nine 
of these procedures were done on 35 patients with cryptorchi ism 
The Torek and Cabot operations continue to be the procedures of choice 
and were performed on 27 patients The Cabot operation is indicate 
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(2), and (3) at loom temperature, varying from 29 5 to 23 C In the 
fill St thiee series, at />h 0 1, 0 4 and 0 8, lespectively, no buffering sub- 
stances weie employed In the lemamder, standaid buffei solutions weie 
used 

Heathcote concluded that (1) In solutions of pn fiom 01 to 11, 
the hydrogen ion concentration is the detei mining factoi m the rate 
of the hydrolysis, the velocity constant foi the leaction vaiymg directly 
with it, (2) in solutions not more acid than about hundredth-normal, 
the velocity constant is not solely dependent on the hydrogen ion con- 
centration, being far greater than would be expected if the relation 
mentioned m the previous paragraph held good, and (3) this may 
probably be accounted for by (a) the piesence of neutral salts m the 
buffered solutions, and by (&) hydrolysis being partially brought about 
by the undissociated fraction of acid salts there piesent 

The second part of the stud}' dealt with the antiseptic power of 
hexamine against various bacteria in the urine This depends largely 
on the ultimate strength of formaldehyde in the mine at any definite 
point It will be determined by the percentage of hexamine present, 
which m turn depends on the dose administered, the propoition of 
that dose which is destroyed elsewhere in the body and the volume 
of urine secreted With a known amount of hexamine present m the 
urine the amount of formaldehyde will depend on (1) the hydrogen 
ion concentration of, and the amount of neutral and acid salts present 
in, the urine, and (2) the time factor, m that dm mg the continuous 
process of the secretion of urine each molecule of hexamine is exposed 
to the hydrolytic process in acid urine from the moment of its excretion 
by the kidney until it is finall}’’ voided A further important point is 
the time required by a definite concentiation of formaldehyde to kill 
any given organism or the strength required to pi event the growth of 
that organism Three strains of bacteria, Staphylococcus aureus. Bacillus 
coli-communis and Bacillus coh-alcaligenes, each recently isolated in a 
case of infection of the urinary tract, were used Three sets of experi- 
ments with hexamine were performed, at pn 5, 6 and 7, i espectivety, 
while a fourth was carried out at pn 8 5, boiax being used in place of 
hexamine Each of these sets was duplicated by using as a medium 
in the one case an aqueous buffered solution and in the other urine, both 
brought to the desired pn, which was checked by the use of indicators 
Heathcote found that the effect of exposure at 37 C for periods 
of three and of six hours of Staph aureus, B coli-communis and B 
coh-alcaligenes to a 1 500 solution of hexamine at pn 5, 6 and 7 was as 
follows (1) at /)h 7, no definite effect on the growth of any of these 
organisms could be observed even after six hours , (2) at pn 6, three 
hours’ exposure produced no effect m the case of Staph aureus, a 



746 


ARCHIVES OF SURGERY 


Cabot noted the different development of operations for trans- 
plantation of the ureters to the intestine in this country as compared 
with those in Euiope In the latter a number of the best known experts 
have largely abandoned the operation because of the high mortality, 
which IS fiom 25 to 35 per cent In contrast to this, there are cases 
such as those reported from the Ma 3 ^o Clinic by Walters in which in a 
senes of approximately 100 cases theie has been a mortality of less 
than 5 per cent and excellent results have been obtained It is Cabot’s 
opinion that this difference is due to the selection of cases Many of the 
European operators have used uretero-enterostomy for patients with 
badly damaged ureters and commonly for patients with cancer of the 
bladder, who are obviously unsatisfactory risks The most favorable 
results from this opeiation can be expected only when performed on 
substantial])'^ normal ureters and on patients in relatively normal general 
condition The transplantation of the abnormal ureter or the trans- 
plantation of the piacticall}' normal ureter of an extremely debilitated 
patient will not give satisfactory results If these limitations are taken 
into consideration, the evidence warrants the assertion that uretero- 
enterostomy has achieved a permanent position, although it need not 
be assumed that it will generally leave the patient with entirely normal 
kidne 3 's for the rest of his life 


urolithiasis 


Reaser studied a series of approximately 5,900 reports of necropsies 
to ascertain the incidence of urolithiasis and to compare the prevalence 
of stones in the white and Negro races Sevent 3 '-nine cases of urinary 
calculi were recorded, in 14 of which the patients were Negroes Data 
were not available to determine the ratio of Negroes to white persons 
in the complete necrops)' series No stone was found m a Negro less 
than 50 3 'ears of age, and the majority were 60 years or older In 
piactically all cases in which stones were found a disease process m 
the kidneys either preceded or accompanied hthiasis The conclusion 
IS that urolithiasis is uncommon in Negroes and that when it occurs the 
patient is at an advanced age 


67 Cabot, Hugh, m discussion on Walterses , /a i 

68 Reaser, E F Racial Incidence of Urolithiasis, J Urol 34 148 (Aug; 
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injection of the measured amount of air diiectly into the perirenal space 
by hand pressure, with no attempts to measure the amount of pressure 
It was then ascertained that the injected air could be displaced in the 
desired direction by manual pressure and that the air would more or less 
slowly infiltrate through the fascial planes, so that roentgenograms 
taken twelve, eighteen, twenty-four or thirty-six hours later would 
show the organs and fascial planes clearly, especially ai ound the adrenal 
gland This method has been found to be of value in demonstrating 
both pathologic and normal adrenal glands Tumors of the adrenal 
gland, such as adenoma and carcinoma, as well as hypertrophied bilateral 
adrenal glands, have been shown Of special value is the determination 
of a normal adrenal shadow on the opposite side when an adrenal 
tumor IS present 

No ill effects have resulted from the procedure There are no 
particularly large vessels in the area of injection Whether the trochar 
IS in a blood vessel may be easily determined by aspiration The intro- 
duction of air produces a slightly uncomfortable feeling of pressure, 
which rapidly disappears The air at times works down into the psoas 
fascia and has produced some crepitation in the thigh over Scarpa’s 
triangle, but this usually disappears in a few days 

With the patient on his side, the area of the flank is sterilized 
Procaine hydrochloride is injected into the site of the injection as well 
as into the tract The trochar is then introduced, usually below the 
twelfth rib, in an area between the outer border of the erector spinae 
muscle and the reflection of the peritoneum As the trochar passes 
through the transversahs fascia the change in resistance is noted , it is 
then passed a short distance upward and inward At this point changes 
in manometer readings on inspiration and expiration show whether 
the open end of the trochar is m the renal fascia Attached to the 
trochar is a sterile glass tube filled with sterile cotton which acts as an 
air filter This is further connected to a rubber bag and then to a 
measure pump Between 200 and 250 cc of air, depending on the size 
of the patient, is introduced into the bag and is then slowly forced by 
hand from the bag through the cotton and trochar into the perirenal 
fascia A film is then taken and developed This shows where the air 
IS located It then may be displaced upward or downward in the fascial 
planes by manual pressure The films that have most satisfactorily shown 
the fascial planes have been those taken eighteen or twenty-four hours 
later In these the air has been well diffused 

Wesson stated that intravenous urography has restored a large 
portion of the field of medicine to the general practitioner It should 

63 Wesson, M B Intravenous Urography for the General Practitioner, 
South M J 28 16 (Jan) 1935 
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Subjects were lightly clothed and were always in the room for thirty minutes 
before the measurements were started m order to adjust themselves to the environ- 
mental temperature and humidity To remove any moisture alreadj on the skm 
or in the tubing, the dry air was passed for twenty minutes before collections were 
made Several successive collections were made from each area studied, and when- 
ever possible determinations were made not only from the burned area but also 
from a corresponding normal area The determinations were repeated daily at the 
same hour until the burned area seemed to be normal again 

The rates of ev'aporation from the burned and normal areas must be con- 
sidered relative rather than representative of the actual rates that would prevail 
outside the laboratorj, since the air used in the evperiment was dry and moving 
Vasti 1 found that both humidity and cutaneous temperature within certain limits 
affect the local evaporation from the skin Similarly, the temperatures of the skin 
measured inside the capsule are not accurately characteristic of the normal surface, 
but with uniform rates of air flow' the values have relative significance 

Conttol P) occdui cs — Control measurements made on normal persons during the 
present stud} showed a maximum difference of 208 per cent and an average differ- 
ence of 84 per cent m 100 pairs of successive determinations on many different 
subjects Variations in different parts of the bodv of the same person were con- 
siderable, the forehead having the greatest rate of evaporation, 00686 mg per 
square centimeter per minute, and the extensor surface of the forearm having the 
least, 0 0343 mg per square centimeter per minute The mean for the entire body 
was 00454 mg per square centimeter per minute, or 27 Gm per square meter 
per hour The evaporation was greater from flexor surfaces, owing possibly to 
the fact tiiat more sweat glands are present per unit of area on flexor surfaces 
and that the texture of the skin is finer The greatest variation on different days 
in the rate of evaporation from corresponding areas vvas 43 per cent, and the mean 
difference vvas 118 per cent 

In some cases the presence or absence of activitj of the sweat glands was deter- 
mined microscopicallj in the manner suggested by Jurgensen- A drop of liquid 
petrolatum containing 2 per cent methjl red w’as placed on the skin and observed 
under a microscope If the sweat glands were active, the brighter droplets of 
sweat as thej formed could be observ'ed against the darker background of the 
red oil 

Mild first degree burns were produced on normal volunteers bv exposure to 
ultraviolet radiation from a quartz mercury vapor arc lamp The rates of evapora- 
tion and the cutaneous temperatures were follow'ed just as in the clinical cases 
Like determinations were made following the application of tannic acid to normal 
skm 

RESULTS 

Rates of Evaporation — These were measured at the same time of da> for manj 
successive days That the differences from normal were consistent is shown by 
chart 1, which represents data on one of six subjects m whom first and second 
degree burns were studied simultaneously Chart 2 shows a composite graph o 
the rates of evaporation in eight cases of second degree burn, before and after the 

application of tannic acid * nf 

In the majority of cases, before the application of tannic acid the rates oi 
evaporation were found to be high, sometimes as much as 400 to 500 per cent as 

1 Vasti, A The Insensible Water Loss Through the Skin, Am J Phvsiol 

102 60, 1933 ^ 

2 Jurgensen, E Mikrobeobachtungen der Schvveissekretion der Want nes 

Menschen unter Kontrast-Farbung, Deutsches Arch f klm Med 
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by the increase in the numbei of patients piesenting themselves for 
transuiethial lesection of the piostate gland 

In cases of carcinoma of the bladdei the most eftective opeiation 
is total removal of that oigan, provided the caicmoma is confined 
within its walls, with tiansplantation of the uieteis either to the sigmoid 
colon 01 to the skin The latter piocedure is safer than the formei, 
but the patient is disturbed considerably by the constant presence of 
urinals on the thighs Grading of tumois of the bladder is sound 
fundamentally, and, as Keyes has stated, all epithelial tumors of the 
bladdei graded 1 oi 2 should be regarded as cm able and should be 
tieated by fulguiation or implantation of ladoii, oi by cystectomy 
01 other operative piocedures The piognosis for lesions of giade 3 
and 4 is poor after any surgical method Highly malignant lesions, 
with a base measuring moie than 2 cm m diameter, are practically 
hopeless no matter what surgical attack is used Dm mg 1934, 61 
patients with carcinoma of the bladder were treated by 71 inajoi 
surgical procedures, consisting of segmental resection, fulguiation, 
cautery, application of radium, excision, ureteiosigmoidal anastomosis, 
total cystectomy and ureterostomy Every available method was utilized, 
and in each instance the method of attack was governed largely by the 
size, situation and grade of malignancy of the tumor The most satis- 
factory results were obtained m cases of small lesions of a low grade 
of malignancy Twenty-three patients were treated by combined excision, 
electrocoagulation, cautery and the application of radium , 14, by 
segmental resection, and 6, by segmental resection and reimplantation 
of the involved ureter There were 4 deaths m the entire group The 
lesions m these cases were graded 4 in 3 cases and 3 m 1 case All of 
the lesions were extensive and confined to the region of the trigon 
and vesical neck It is generally agreed that for small lesions of a low 
grade of malignancy the transurethral approach is satisfactory, but 
for more extensive lesions of a low grade and foi all lesions of higher 
grades of malignancy the suprapubic approach should be used If such 
lesions are confined to the mucosa or portions of the wall, the possibility 
of cure IS good If a case is suitable for bilateral ureteiosigmoidal 
anastomosis and total cystectomy, complete removal of the bladder seems 
necessary However, if a ureter has been damaged by obstruction and 
infection, the risk is too great to justify the procedure It is safer to 
perform bilateral cutaneous ureterostomy and cystectomy 

In 1934 it was necessary to remove stones from the ureters by 
ureterolithotomy in 40 cases Other surgical procedures on the ureter 
consisted of ureterotomy and ureterostomy for tuberculosis, either of 
the ureter or of the bladder, plastic operations on the ureter for 
obstruction and tiansplantation of the ureter into the bladdei for urinary 
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Fig 2 — Rates of evaporation of water from areas of second degree burns In 
each case the burn occurred on the first day of the experiment, and the measure- 
ments recorded on that day were obtained before treatment with tannic acid was 
begun Tanning was usually completed before the second day’s measurement At 
R the eschars were removed 



Fig 3 —Rates of evaporation from areas of first degree burns In each case 
the burn occurred on the first day of the experiment 
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if the spermatic coid is of adequate length, if the scrotum is fairly well 
developed and if it is desired to maintain temporary traction while the 
patient is in the hospital Good lesults from the Torek operation were 
obtained in appi oximately 95 pei cent of cases Orchidectomy was 
performed on 10 patients with malignant lesions of the testis Some 
otheis were treated only with loentgen rays Some received roentgen 
treatment prior to operation, and all leceived it after operation At 
present quantitative estimation of excretion of a folhcle-stimulating 
hormone in the uiine is not a sufficiently accurate index of the histo- 
pathologic characteristics of a tunioi The technic of oichidectomy is 
such that the operation can hardly be contiamdicated in aity case, the 
piimary tumor is not only removed, but the type of tumor cell present 
can be determined The discovery that this hoimone is excieted m the 
urine of men who have malignant lesions of the testes and not in that 
of other men has added much to the knowledge of this disease The 
gi eater the amount of hormone excreted the higher the grade of 
malignancy Furtheimore, if the rate of excretion is affected little by 
loentgen therapy and if the rate of appeal ance in the urine is persistently 
high, the prognosis is poor 

Walters stated that the early plastic opeiations foi hydi onephrosis 
were developed by Kuster, Trendelenburg, Bazy and Christian Fengei 
Several successful operations of the Fenger type were pei formed at 
the Mayo Clinic for hydronephiosis prioi to 1920 Approximately 
75 plastic operations for hydronephrosis have been performed at that 
institution since 1927 Some of the procedures used in these cases have 
been resection of the hydronephrotic renal pelvis, reimplantation of an 
abnormally placed ureter into a hydronephrotic renal pelvis and, in 1 
case, ureteropyeloneostomy Removal of infected portions of duplicated 
kidneys affords a suitable field for conservative renal suigical treatment 

Another field for transplantation of the ureters to the sigmoid is in 
cases of contracted bladdei following removal of a tuberculous kidney 
Submucosal tiansplantation of the uretei into the sigmoid was pei formed 
111 2 such cases, in 1 for a contracted bladder caused by tuberculosis 
and in the othei for diffuse submucosal inflammation of the bladder 
Ui eterosigmoidal transplantation may be used in selected cases of 
inoperable carcinoma of the bladder in which total cystectomy is to be 
performed Its mam application is in cases of exstrophy of the bladder , 
more than 100 patients with this type of lesion have been operated on at 
the Mayo Clinic 

66 Walters, Waltman Plastic Operations on the Genito-Urinarj Tract I 
Operation on the Ureters and Kidneys, Proc Staff Meet, Maio Clin 10 529 
(Aug 21) 1935 
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found that in a person with congenital absence of sweat glands the insensible loss 
of moisture at rest was as great as that of a normal person 

Frost-Bite This was studied in the same manner in two cases in which tannic 
acid therapy was applied In one case both feet were affected , in the other one 
foot served as a normal control The rates of evaporation and the cutaneous 
temperatures Avere very high at first, fell markedly after the application of tannic 
acid and then rose gradually to normal The results were precisely similar to those 
in cases of second degree burns 

Burns Caused by Ultiaviolet Radiation — Burns caused by ultraviolet radiation 
of the skin ivere studied in two normal persons on four occasions The rates of 
evaporation were alwajs abnormalb low immediately after the exposure, but a few 
hours later they began to rise (chart 4), and by the following day they were (m 
experiment 4) as much as 200 to 300 per cent above the values for the correspond- 
ing normal areas As the area healed, there was a gradual return to the normal 
le\el that had been obsened before the treatment When the dead skin peeled off, 



Fig 4 (experiment 4, subject G S M) — Temperatures and rates of eiapora- 
tion of Avater from the flexor surfaces of both forearms, the left being burned once 
Avith ultraviolet radiation Line 1 indicates the rectal temperature of the subject, 
line 2 indicates the temperatures of the irradiated area, and line 3 indicates those of 
the corresponding normal area Line 4 indicates the rate of evaporation from the 
irradiated area, and line S indicates that from the corresponding normal area 
Irradiation occurred at A 


the rate of evaporation rose markedly for a day or tivo and then fell again The 
cutaneous temperature in general rose and fell AVith the rate of evaporation 
Tannic acid did not form a coagulum over these areas and seemed to have no ettec 
on the rate of evaporation, such areas resembling, therefore, first degree accidenta 

burns . 

The temporary inhibition of eimporation immediately following exposure av 
Avas found in all four experiments, might have been due to some direct effec o 
radiation on cellular activities or on the superficial blood vessels This de 
in the rate of evaporation may be a contributing cause of the fever associated 
sunstroke, since it indicates that loss of heat is retarded, at least in part 
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EVAPORATION OF WATER FROM SUPER- 
FICIAL BURNS 

GEORGE S McCLURE, BA 

ROCHESTER, N Y 

The object of the experiments was to answer the questions Does 
evaporation from burned surfaces account for a significant portion of 
the dehydration of the body that is believed to be present after accidental 
burns ^ Does the treatment of these surfaces with tannic acid materially 
modify this evaporation? 

METHOD 

Appmaius — A glass capsule was fitted with inlet and outlet tubes opposite one 
another It enclosed an area of skin of 22 sq cm A thermocouple on the end of 
a piece of bakehte tubing was held inside the capsule, so that it was pressed lightly 
against the surface of the skin at all times Wires to a cold junction and to a 
galvanometer passed through the tubing and the sealed top of the capsule The 
capsule was sealed air-tight to the cutaneous surface with petrolatum A stream 
of air was measured by passage through a dry meter, was dried by passage 
through a spiral washing-bottle containing concentrated sulfuric acid and was 
drawn through the capsule by suction Tests were made for leaks around the 
capsule by pinching momentarily the tubing that led the air into the capsule 

The moisture acquired by the air while in the capsule ivas collected in tveighed 
flasks of concentrated sulfuric acid during ten minute periods The flow of air 
was approximately constant at 0 5 liter per minute, but variations in the flow from 
0 2 to 3 liters per minute produced no significant changes in the rate of evaporation 
Rates of evaporation were calculated as milligrams of water per minute per square 
centimeter of surface 

Blank measurements with a dry glass plate in place of the cutaneous surface 
showed an average gam bv the collecting flasks of 0 5 mg in ten minutes Since 
the average amount of moisture picked up from the skin in any one determination 
was 10 mg , the error rvas 5 per cent 

Cutaneous temperatures rvere determined with the thermocouple from the read- 
ings of a galvanometer and of a mercury thermometer at the cold junction, which 
was immersed in a thermos bottle of rvater at approximately 26 C 

Conditions The measurements w'ere carried out in a room in which the 
temperature was controlled within ±1 C and the humidity within ±8 per cent, 
with a mean temperature of 26 C and a mean relative humidity of SO per cent 

From the departments of physiology and pediatrics. School of Medicine and 
Dentistry, the University of Rochester 

This inYestigation was supported in part by the Fluid Research Fund of the 
Rockefeller Foundation The patients studied were in the Strong Memorial 
Hospital and the Rochester Municipal Hospital 
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the spaces m various tissues « Restoration of the normal distribution 

of fluid, then, depends on vascular and other readjustments within the 
body 

It has been shown b> Landis ° that several types of hyperemia, such 
as those produced by heating the skin, increased the pressure within 
the capillaries of the skin It is likely that the tendency of fluid to 
leave the blood stream that results from this increase of pressure has 
something to do noth hastening evaporation from the surface 

When tannic acid w'as first introduced into the therapy of burns, 
the belief was widely held that by coagulating the burned tissue it 
prevented the absorption of poisonous products and thus lessened the 
toxemia Underhill,^- -working with rabbits, offered ewdence to con- 
tradict this hypothesis He found that the absorption of certain dj^es 
from the untreated burned surface W'as markedly retarded as compared 
to that from normal skin and that the extracts of burned skin and 
normal skin -when injected into test animals produced like reactions 
He explained the apparent toxemia on the grounds of altered circula- 
tory relationships produced bji- concentration of the blood ® 

Underhill and his associates *** and Blalock showed that after 
experimental burns in anesthetized animals edema fluid rapidly accumu- 
lates in adjacent tissues and that this fluid has essentially the same 
composition as blood plasma In human beings this fluid forms large 
blebs, and some escapes, but in dogs, oiving to the peculiar anatomy 
of the skin, it does not escape but is reabsorbed Blalock found that 
the average total amount of fluid lost into inflamed tissues in eighteen 
dogs which had been burned orer one-half the surface of the body 
w'as 57 per cent of the volume of the blood 

Treatment of burns with tannic acid reduces eraporation enor- 
mousl}^ but the belief that the beneficial effects of tannic acid are due 
to the prevention of loss of water from the body is not supported by 
the data now available Wfliatever w'ater and protein are lost from 
circulation appear to remain largely within the bodj^ 


8 (a) Blalock, A Expentnenfal Shock The Importance of the Local Loss 

of Fluid in the Production of the Low Blood Pressure After Burns, Arch Surg 
22 610 (April) 1931 (h) Underhill, F P , Fisk, M E, and Kapsinow, R The 

Extent of Edema Fluid Formation Induced bj a Superficial Burn, Am J Ph)SioJ 
95 325 1930 

9 Landis, E M Micro-Injection Studies of Capillary Blood Pressure in 
Human Skin, Heart 15 209, 1930 

10 Davidson, E C Tannic Acid in the Treatment of Burns, Surg, bj-nec. 


& Obst 41 202, 1925 
11 Martin,! D , Jr 


Tannic Acid Treatment of Burns, South M J 26 321, 


^^^12 Underhill, F P, and Kapsinou, R The Alleged Tovm of Burned Skin, 
J Lab & Clin Med 16 823, 1931 , footnote 
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compared ^Mth those from a corresponding normal area Following the application 
of tannic acid the rates of e\aporation fell rapidh, reaching a subnormally Ion 
level when the area was fulh tanned In case 8, the burn had been caused by 
boiling paraffin, while in cases 6 and 11 petrolatum and ointment had been applied 
prior to the patient’s admission to the hospital Traces of these substances remain- 
ing on the skin probabh inhibited the eiaporation and caused the comparatnelj 
low initial rates observed in these particular cases 

The rates of evaporation remained at the subnormal levels for fi\e or six dajs 
and then began to rise gradualh In most cases after the remoial of the eschars 
the rates rose markedh to high le\ els and then dropped graduallj to constant rates 



Fig 1 — Temperatures and rates of eiaporation m a patient burned on the back 
on April 11 Rates of evaporation are expressed in milligrams of moisture per 
minute per square centimeter of bodj surface Line 1 indicates the rectal tempera- 
tures , line 2 indicates the temperatures in a corresponding normal area , line 3 
indicates the temperatures in an area of second degree burn, and line 4 indicates 
those in an area of first degree burn Line 5 indicates the rates of eiaporation 
from an area of first degree burn, line 6 indicates the rates of evaporation from 
an area of second degree burn, and line 7 indicates those from a corresponding 
normal area Treatment with tannic acid v\as stopped at A, and the eschars were 
removed at B 

slightlj below normal In all cases the evaporation from an area completelv 
regenerated after a second degree burn was less than that from the corresponding 
normal area 

Chart 3 is a composite graph of the rates of evaporation in six cases of first 
degree burn In all, the initial rates were abnormallv high and gradualh decreased 




CONSERVATIVE AND RADICAL MEASURES FOR 
TREATA'IENT OF ULCER OF THE LEG 

II A CRITICAL STUDY OT HEALING IN EXPERIME^TAL ■\XD 
HUMAN WOUNDS UNDER ELASTIC ADHESUE PLASTER 

BEVERLY DOUGLAS, MD 

NASHVILLE, TENN 

In the first report ^ under this general title consen'ative and radical 
measures for the treatment of ulcer were evaluated according to the 
results obtained from each Indications were also suggested for their 
use In the course of this stud}' it w'as found that ulcers wdiich w'ere 
years old and wdiich liad been refractory to many other methods of 
treatment healed with striking rapidity wdien strapped with elastic 
adhesive plaster — a point previousl}' noted by A Dickson Wright, of 
England Thus m this series three ulcers of an average size of 24 7 
sq cm , all of which had failed to heal under various remedies in an 
aAerage time of nine and six-tenths years, actually healed under elastic 
adhesive plaster in an average tune of fifty-one and three-tenths days 
Results such as these stimulated interest in an attempt to throw' light 
on the mode of action of elastic adhesive plaster, a dressing w'hich 
although economical and eas}' to apply appeared to possess the remark- 
able properties already described for promoting the healing of wounds 
The data which I have obtained from experiments on animals and human 
beings are detailed in the present report 

During the past tw'O years I hare quantitatively checked the healing 
of many ulcers of various kinds and sizes and have compared their 
rates of healing wuth the calculated or ideal cun'es of cicatrization 
given by Carrel and Hartman - and Du Nouy ® 

From the Department of Surgery, Vanderbilt Unnersity 

1 Douglas, Beverly Surg, Gynec & Obst 61 458 (Oct) 1935 

la In these experiments the bandages of three firms were emp]o 3 ed, riz, the 
German preparation lomaplast, obtainable from G Kuhlman, 62 W 4Sth Street, 
New York, elastoplast, manufactured m this country and obtainable from the 
Duke Laboratories, Inc, Long Island City, N Y, and an English preparation 
prepared from the formula of A Dickson Wright and obtainable under the name 
of tensoplast from the Durex Products Corporation 

2 Carrel, A , and Hartman, A J Exper Med 24 429, 1916 

3 du Nouy, P Lecomfe J Exper Med 24 451, 1916 
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to a level equal to that of the corresponding normal area Tanning was never 
effective over an area of first degree burn because insufficient amounts of broken- 
down necrotic epithelial tissue were present to form a coagulum with the tannic 
acid 

The rates of evaporation from normal areas rose somewhat during the first few 
days, usually reaching a peak on the third or fourth day This rise might be con- 
sidered a gradual return to normal after an initial disturbance produced by the 
burn, or, m some cases, it might be due to the accompanying rise in general body 
temperature which was observed 

Tempo atnres — The surface temperatures in diverse areas of skin varied 
directly as the rates of evaporation (chart 1) In the tanned areas the low cutane- 
ous temperatures that were found were probably due to the thickness and insulating 
properties of the tannic acid covering In areas of first degree burns the cutaneous 


Rates of Evapoiatwn and Surface Temperatwes tn Injured Areas of Patients 
Suffering from Accidental Bums 


Case number 

Second degrefl burns 

i 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Evaporation (mg per sq cm per mm ) 
Initial 


0027 

0 078 

0 008 

0 105 


0 024 

0 065 

0 091 

Minimum after treatment vitli 
tannic acid 

0 005 

0 006 

0010 

0005 

0 007 

0 008 

0 008 

0 007 

0 010 

0 009 

After recovery 



0 019 


0 039 

0 035 

0 021 

0 019 

0 039 

0 036 

Corresponding normal area 

0 047 

0 072 

0 030 


0 041 

0 040 

0 029 

0 025 


0 033 

Cutaneous temperature (C ) 
Initial 



30 5 





32 2 

29 8 

33 8 

After treatment ivith tannic 
acid 

26 4 

24 8 

29 0 




29 8 

312 

32 4 

29 9 

After recovery 

30 5 


30 4 



33 3 

32 0 

313 

33 3 

317 

Corresponding normal area 

29 0 

27 9 

321 



32 3 

32 6 

32 5 


31 6 

Eirst degree burns 











Evaporation (mg per sq cm per min ) 
Initial 0 069 

0 045 

0 034 




0 054 

0 040 

0 042 


After recovery 

0 036 


0 020 




0 030 

0 025 

0 026 


Cutaneous temperature (C ) 
Initial 

32 5 

310 

29 6 




34 6 

32 4 

31 1 


After recovery 

298 


32 3 




32 0 

321 

32 2 



temperatures were higher than normal, corresponding to the higher rates of 
evaporation The daily fluctuations in cutaneous temperatures did not usually 
correspond, however, to the daily variations in rate of evaporation 

The table shows the average values for cutaneous temperature and rate of 
evaporation in all but the first three cases studied These three were not as 
adequately controlled as were the later experiments, and the data are therefore 
omitted Of the thirteen subjects, five were children from 2 to 5 years of age 

Sweat Glands — The activity of sweat glands was tested in several cases 
Repeated microscopic examination of the healed areas of second degree burns 
failed to reveal activity of the sweat glands, but the sweat glands are not actually 
destroyed in second degree burns ^ Examination of normal areas and of healed 
areas of first degree burns showed active sweat glands in all cases Richardson'* 

3 Pack, G T , and Davis, A H Burns, Philadelphia, J B Lippmcott 
Company, 1930, p 23 

4 Richardson, H B The Effect of the Absence of Sweat Glands on the 
Elimination of Water from the Skin and Lungs, J Biol Chem 67 397, 1926 
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COMPARISON OF THE RATE OF HEALING OR CICATRIZATION OF 
ULCERS UNDER ELASTIC ADHESIVE PLASTER WITH THE 
CALCULATED OR IDEAL RATE COMPUTED BY 
CARREL, HARTMAN AND DU NOUY 

Nine ulcers on the legs of seven patients have been specially studied 
The ages of these patients as given on the charts varied from 13 to 69 
>ears Tracings were made at intervals of from seven to fourteen days 
by the gravimetric method as described, and actual areas of unhealed 
granulating surface were thus calculated The ideal rates of healing 
V ere computed b}' equations 1 and 2 for comparison 

All the ulcers, even that of A A , a 13 year old girl, were chronic 
and indolent They had all been refractory to other methods of treat- 
ment In spite of this seven of the nine actually healed more rapidly 
than sterile wounds of identical size would have healed according to the 
calculated ideal curves of healing (figs 1 and 2) 

The difference in healing time noted in favor of treatment with 
elastic adhesive plaster probably may be explained by the fact that 
in the care of the ivounds studied by Carrel and his associates chlorine 
antiseptics, such as dilute solution of sodium hypochlorite, were com- 
monly used to attain and maintain sterility, the recognized toxicity 
of these substances to living tissues, even though slight, was probably 
sufficient to retard the healing of the wounds and thus to influence the 
results of calculations 

Carrel and Dehelly ® compared the action of petrolatum on one por- 
tion of a sterile wound on a man’s arm with the action of dilute solution 
of sodium h}^pochlorite on another portion of the same wound At the 
end of four days a tracing of the wound was made, and W'hen this was 
compared with the preceding tracing, it was seen that the epithelial 
border had progressed a little more rapidly under the petrolatum than 
under the solution of sodium hypochlorite At this time both the upper 
and the lower part of the wound were still aseptic Carrel and Dehelly 
assumed, therefore, that the solution of sodium hypochlorite had slightly 
retarded the healing of the wound and was slightly toxic to the organ- 
ism Elastic adhesive plaster is coated with substances w^hich seem 
absolutely nontoxic to tissue It is probable, therefore that formulas 
of healing derived from wounds treated wuth it wull proi^e more accurate 
than those already derived by Carrel and his co-workers 

Certain it is that the composite geometric cun'e obtained by combin- 
ing the graphs of healing m the cases of F W (right leg), P H 
(right leg), A A, N B, S D , and H P wmuld represent 
a more accurate picture of the healing of a sterile wound than wmuld 

4a Mr William W P>le checked the computations 

5 Carrel, A, and Debellj, G Treatment of Infected Wounds, New York, 
Paul B Hoeber, Inc, 1919, p 37 
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No< mal Slvtn — On normal skin no coagulum formed when the skm was treated 
with tannic acid, and the application of tannic acid caused no appreciable change 
in the rate of evaporation Attempts to form a coagulum on normal skm by first 
applying egg albumin were likewise unsuccessful Hence it was not possible to 
ascertain the effect of tannic acid on the skin on other than injured surfaces 

COMMENT 

The amount of fluid lost from the body owing to an accidental burn 
may now be calculated , for this purpose the most extreme of the burns 
studied is chosen In case 9 , a woman 40 years old, weighing 91 Kg 
and having a calculated surface area of 1 98 square meters, had a second 
degree burn involving one third of the surface of the body ® The initial 
rates of evaporation from normal, burned and tanned areas were 0 041, 
0 105 and 0 008 mg per square centimeter per minute, respectively 
From these figures it is calculated that the twenty-four hour loss of 
water would normally have been 1 29 per cent of the total body weight, 
but since one third of the surface of the body was losing water at a 
rate approximately 2^ times normal, the twenty-four hour loss was 
increased to 2 05 per cent of the total weight After the application 
of tannic acid to the burned area, the twenty-four hour loss was reduced 
to 1 16 per cent of the total weight of the body A woman of this 
weight would have an approximate volume of circulating blood of 
7,000 cc and a normal rate of evaporation of 1,175 Gm m twenty- four 
hours Underhill ® expressed the belief that the fluid lost from burned 
areas is essentially blood plasma, from this it would follow that, since 
the burn involved one third of the surface of the body and since the rate 
of evaporation increased to 1,835 Gm in twenty-four hours, the blood 
volume might be decreased at most by the difference between the normal 
rate and the rate after injury, or 660 Gm 

It may be concluded, therefore, that evaporation has a negligible 
effect in producing dehydration after a severe burn Even m children 
evaporation alone could not be important Increased concentration of 
the blood, such as was found by Underhill and others, can hardly 
be due ordinarily to loss of water from the body This is confirmed 
by the constancy of the body weight during convalescence from burns 
Hence water that leaves the blood probabl} remains m the body, m 

5 Berkow, S G A Method of Estimating the Extensiveness of Lesions 
(Burns and Scalds) Based on Surface Area Proportions, A.rch Surg 8 138 
(Jan) 1924 

6 Underhill, F P , Kapsinow, R , and Fisk, M E Changes in Capillary 
Permeabihtj Induced by a Superficial Burn, Am J Phvsiol 95 315, 1930 

7 Underhill, F P , Carrington, G L , Kapsinow, R , and Pack G T Blood 
Concentration Changes in Extensive Superficial Burns, and Their Significance for 
Sjstemic Treatment, Arch Int Med 32 31 (July) 1923 Underhill, F P The 
Significance of Anhydremia in Extensive Superficial Burns, J A M A 95 852 
(Sept 20) 1930 
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Fjg 1 — Curves showing healing of ulcers A, curve for ulcer in H P 
(i = 0 038) , B, curve for ulcer on the left leg of F W (i = 0 05) , C, curve for 
ulcer on the right leg of F W (i = 0 025) The solid line represents the actual 
curves of healing or cicatrization, the dotted lines represent the ideal curves of 
healing as computed by Carrel, Hartman and du Nouy The vertical units represent 
areas in square centimeters , the horizontal units represent da> s 



McCLURE— EVAPORATION OF WATER FROM BURNS 755 


SUMMARY 

Rates of evapoiation were measured in thirteen cases of first degree 
and second degree burns, two cases of frost-bite, four cases of experi- 
mental burns pioduced by ultraviolet radiation and two cases m which 
tannic acid was applied to normal skin In many instances coriespond- 
mg cutaneous temperatures were measured 

It was found that the rates of evaporation from areas of first degree 
and second degree burns increased Tannic acid formed (m second 
degree burns) a hard covering and prevented evaporation In areas of 
first degree burns evaporation remained high Evaporation from cor- 
responding normal areas often increased somewhat for the first few 
days and then gradually returned to normal 

Cutaneous temperatures in burned as well as in normal areas were 
temporarily increased, corresponding in general to the rates of evapo- 
ration 

The failure of the rates of evaporation m areas of second degree 
burns to return completely to the normal level was correlated with the 
incomplete function of sweat glands, since no evidence of their activity 
could be demonstrated 

The changes in rate of evaporation and m cutaneous temperature 
in the cases of frost-bite and in the burns caused by ultraviolet radiation 
were essentially those of second degree and first degree bums, respec- 
tively Tannic acid did not form a coagulum on areas of first degree 
burns, on irradiated skin or on normal skin 

When rates of evaporation were calculated for the whole body over 
a twenty-four hour period, it was ascertained that no significant changes 
m the weight of the body and no important losses in the total amount 
of fluid would be expected to result from evaporation alone 
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Scveial aspects of the local action of elastic adhesive plaster on the 
tvotind piopei appear to be lesponsible for the lemaikable rapidity with 
which healing is accomplished 

In the hist place it prorides moist healing conditions without pei- 
mitting the foimation of a dead space Plasma and pus nhen excessive 
may filter out of the minute spaces betAyeen the thieads of waterproofed 
cloth It IS therefoie semipenneali^e ; |I;n 1913 Halsted « pointed out 
the adiantages of maintaining the moistufe of the edges of the M'ound 
dining healing in the following words 


A moist scab, so-callcd, is better than a clr 3 ' one The surgeon has main 
opportunities to coin nice himself of this When he has occasion to extract a 
toe-nail let him coier one-third of the raw surface wuth protectne [gutta-percha 
tissue] and allow the remainder to lical under the dr> scab The patipnt may haie 
pain m the digit soon after the drv scab is w ell formed, and the surgeon w ill per- 
haps obser\c that the soft parts about the nail-bed on the side of the dry scab are 
inflamed On co\ermg the entire surface of the granulating wound 'With gutta- 
percha tissue the pain will he relieied and the inflammation subside ’ , > , 

The dr\ scab imprisons secretion which m turn gues rise tb tension, 'and the 
tension impairs the Mtabtj of the tissues under and at the border of the drj scab 
to an extent sufficient to place them at a disadiaiitage w’lth the micro-organisms 
and, |t(!>lcompcl absorption of the toxins i i 1 ' ■ i ' 

' I I ‘ 1 ! . ' , I , 1 i ' , ' 

Elastic adhesne plastei does not'impiison secretions to any appieci- 
able extent, foi the exudate comes out thiough the plaster as w^ell as 
atound its edges It does however, provide moist healing conditions — 

I “a moist scab, so-called” — the advantages of which Halsted so well 
Umphasires in this desciiption That the irritation and pain so commonly 
I experienced with a dry dressing are piomptl}'^ relieved by elastic adhesive 
plaster is attested b}^ the repeated statements of patients who ha^e 
had it applied to their ulcers 

Another action of a diessing such as this wdnch proMdes moist 
conditions was not specifically mentioned by Halsted, namely, that by 
protecting the suiface from recontamination or leinfection by outside 
oiganisms it j^eimits the blood to build up at the wound antibodies 
^jsfinitely specific foi the particular organisms present at first This 
IS an aid to rapid steiilization and thus to rapid healing 


One disadvantage of a diessing wdiich fails to maintain moist con- 
ditions on the surface of the w oimd is that diymg destroys the leuko- 
cytes and must also destioy antibodies This was emphasized by A 
Dickson Wright in a recent article" Thus the forces of resistance of 
the body to micio-oiganisms are broken down by a dning of secretions 


6 Halsted, W S Ligature and Suture Material, J A M A 60 1119 
(April 12) 1913 

7 Wright, A Dickson Bnt M J 2 561 (Sept 26) 1931 
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It will be recalled that by determining the surface area of sterile 
wounds by means of a planimeter these authois were able to derive 
simple and exact mathematical equations expressing the rate of healing 
From these equations it is easy to predict the amount of healing 
which would take place in a given period of days for a sterile wound 
First it IS necessary to obtain an index of cicatrization, i This is 
calculated by equation ( 1 ) 

s — S' 

. s 

( 1 ) = 1 

t+ vt“ 

Then the ^rea of the wound after a given lapse of time may be cal- 
culated by a second equation, equation (2) 

(2) S" = S' [1 — i(t’+ V T + t)] 

Du Nouy explained the symbols as follows 

S' represents the area of the wound at the beginning of the experiment 
S' represents the area of the wound / dajs later, at the time of the second 
observation 

i represents the time elasped between the first two observations, S' and S', in 
dajs 

T represents the age of the wound from the time of the first observation S 
Therefore in the formula (1) T = f, and practicall} t = t' 

t' represents the time between the last observation S' and the time of the tlieo- 
retical surface S" of the wound 

I IS a constant coefficient characterizing each wound 

APPLICATION OF THE EQUATIONS TO THE PRESENT SERIES 

At each visit excess secretions were blotted from the ulcers to be 
studied Cellophane wound on cardboard spools and sterilized in an 
autoclave was umvound with sterile instruments and laid over the ulcer 
The epithelial edge plainl)' visible through this vvas traced in a dotted 
line in ink with a fine pointed pen The cellophane bearing the pattern 
was removed and stuck on a square of glass while the secretions were 
still moist on its under-surface The hospital record sheet ivas then 
laid over the cellophane and the exact pattern traced on the record as 
silhouetted through the cellophane Later this pattern was transferred 
by means of carbon paper to a sheet of standard bond paper of known 
w'eight and size It was finally cut out of the bond paper and w'eighed 
A simple division gave the exact area m square centimeters, and this m 
reality represented the actual area of the wound on the date on which 
the tracing was made The details of this method for calculating the 
size of w'ounds are given m a previous article * 


4 Douglas, B Ann Surg 73 673, 1921 
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healing process How does it do it^ The essential role that moderate 
pressure plays in promoting “takes” in whole thickness skin grafts by 
insuring contact and lessening inflammation is well known I am certain 
that a similai role is played by pressure m the healing of ulcers without 
grafts First, if proud flesh, or exuberant granulation tissue, is present 
Its further formation is checked and that already formed is pressed 
back by the constant elastic pressure This rapidly produces a granu- 
lating surface level with the epithelium and favors the latter’s rapid 
advance over it Conversely, the epithelial edge surrounding a depressed 
wound ^\lll be gradually jiressed down to the lower level of the granulat- 
ing surface 

By accident in August 1932 I dressed a patient on whose leg an 
elastic adhesive bandage had been improperly applied The turns of the 
bandage had been made to overlap each other too little The leg was 


Tablf I — Coutpattson of the Effect of Satin ated Solution of Bone Acid with 
That of Elastic Adhesive Plaster on Bacteria and Healing of Ulcets of E W 



Ulcer a 

♦ 


Ulcer 6 t 


Number of Colo 




Date 

Dies on Culture 

Sire 

Size 

Culture 

p/n 

Innumerable 

Small 

large 

Infinity 

A/IO 

Innumcrabk 

Small 

Large 

5 colonies 

9/20 

Innumerable 


Small 

Sterile 

10/ 2 

btcrile 

Small 

Small 


10/ i 


Small 

Healed 


10/21 


Healed 




* Ulcer n vn\s treated with a solution of hone ac/d 
t Ulcer h nat treated aitli clastic adhesive plaster 


therefore found to have been pressed too hard in certain places, while 
little if any pressure had been exerted in others Multiple ulceration 
was present When the bandage was removed an interesting and instruc- 
tive phenomenon was seen Wherever the turns of the bandage had 
pressed firmly against the tissues the ulcers were healed On the con- 
trary, wherever the turns had been too loose the granulations were 
exuberant, and epithelium had not grown over In some places these 
two conditions were seen side by side in the two halves of a single ulcer 
A photograph of the wound shows this clearly ® The role of the elastic 
adhesive bandage in producing elastic pressure to hold down granula- 
tions was thus excellently demonstrated 

8 Since this report was submitted I have read with interest an article by 
E D Twyman published in the Journal of the Missouri State Medical Association 
(19 1 [June] 1922), entitled “Epithelial Proliferation, Differential Pressure as 
an Aid in the Growth of Epithelium on a Denuded Surface ” Twyman expressed 
the belief that epithelium proliferates readily when it is subjected to a degree o 
pressure which restrains the growth of granulations The report contains a photo- 
graph of a wound showing “a bar of epithelium grown across from side to side 
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the composite giaph of Carrel and Hartmans curAes It is noted that 
m the lattei giaph the curve is not as steep as, and reaches the abscissa at 
a latei date than, m the graph for healing of vounds m treatment of 
■\\hich no antiseptic vas used (figs 1 and 2) 

It IS believed that the facts that healing of these old ulceis of the leg 
IS so rapid undei elastic adhesne plaster, a chemicall} mactne dress- 
ing the propel ties of vhich are admittedly almost entirel} physical and 
that dilute solution of sodium hipochlonte is admittedly slightlj toxic 
to tissues both indicate that pi ogress m the deielopment of therapeutic 
measures to promote or aid healing of i\ ounds w ill be made m the future 
along ph} sical rathei than along chemical lines 

One point is believed to be of great importance nameh that as 
definitely shown by Can el and Hartman - contraction is the more 
impoitant factor m healing of wounds and that epidermization completes 
the work of contraction m healing It is likely that with elastic adhesne 
plastei the constant pull inwaid (at least m one dimension or direction) 
tends to promote conti action m tissues which hare been pi evented from 
exeicising this important function m healing hr such factois as Sdema 
and excessive deposits of scar tissue 

In any erent it seems astounding that these large, chronic ulcers 
should hare healed more^rapidl} thap'ilf ther had been fresh sterile 
rvounds 

Trro ulcers did not heal as calculated ideal curres indicated that they 
should hare healed One of these had been present in a man of 39 
for ten years and rras surrounded b}' a dense and deep scai Du Nour’s 
formula indicated that it should have been healed on the trr ent} -third 
day A tracing on the trventy-seventh day shorred that it measured 
4 sq cm , and on the fiftieth day it still measured 0 33 sq cm , after 
that I did not see the patient (fig IS) jMeanrrhile a much larger 
ulcer on the other leg healed more rapidly than the ideal curr e indicated 
that it should, shorving that some local factor rrhich rras not discorered 
caused the fiist ulcer to heal so slorrlj (fig 1C) 

The other patient, a Negro aged 58, had a nonspecific elephantiasis 
from an old thrombophlebitis and trvo ulcers rrhich rrere of trrentv 
years’ duration One ulcer healed under elastic plaster more rapidl} than 
the curre of ideal healing indicated that it should (fig 2 C) The other 
ulcer rapidly diminished in size and measured onlv 1 5 cm m trrentr- 
fire days but a small deep area remained unhealed under this treat- 
ment until fourteen months later, rrhen strapping rrith a pad orer the 
plaster rras successful m accomplishing complete cicatrization (fig 2 £) 

I am certain norv that the ulcer rrould have healed more promptlv if the 
application of the pad had been resorted to sooner 
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lattei days of healing it is seen that the area of the scar actually enlarged, 
^^hlch means that since contraction r\as lacking, epidermization became 
moie rapid and compensated foi the dilatation of the cicatrix 

Ihe second chait, oi figure 5, repiesents the cur\e of healing of a 
shell nound of the external part of the leg m a patient 39 years of 
age It is seen to he quite different from that in figure 4 Thus, between 
Januai} 3 and 15 contraction alone was largely responsible for healing 
Between January 15 and 19, since the upper cur\e remains horizontal, 
the downward deflection of the lower indicates that epidermization was 
responsible for healing After this both processes took part m the 
healing of the wound though epidermization assumed the major role 



Pig 5 — Curie of healing of a shell wound of the external part of the leg m a 
patient 39 >ears of age (The graph is figure 21 of the article by Carrel and 

Hartman -) 

( 

From these cur\ es, then it can be seen that tw o processes contraction 
and epideimization, contribute to healing of wmunds in varjing degrees, 
accoidmg to the particular wound Can el and Hartman stated that 
contraction, as a process, is dependent on contraction of granulation 
tissue and on the opposite action of the tissues surrounding the wound 
According to them the resistance of the skin surrounding the w'ound is 
slight m narrow wounds, and m larger defects the wound contracts 
until the elasticity of the surrounding skin preients a greater reduction 
of Its size 
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MODE OF ACTION 


The general action of elastic adhesive plaster in compressing dilated 
veins and thus improving the nutrition of the tissues is like that of the 
elastic stocking and other similar devices Owing, however, to its 
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2 Curves showing healing of ulcers A, curve for ulcer in S D 
(iz=0 032) , B, curve for ulcer in N B (i = 0 039) , C, curve for ulcer on the 
right leg of P H (i = 0 025) , D, curve for ulcer in A A (i = 0 33) , £, curve 
for ulcer on the left leg of P H (i=019) The vertical units represent areas 
in square centimeters , the horizontal units represent daj s 

adhesive coating it holds securely to the leg and maintains a more even 
and constant pressure on varicosities until the latter can be treated 
by curative measures 
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As the wound healed, therefore, the vertical diameters were reduced 
almost exactly proportionately to the horizontal diameters, the ratio 
4 9/4 2 being’ approximately equal to 2 7/2 5 


eirPCffiMCNT A 



eitPEPlMCNT B 




'= Tr..: ■."I.'.s.-iss -.S: 

(experiment B) 

B-0„ a doe .a«>L.e,,aed 

-a naade ,aaeer »d ,he e™a.«. 
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Elastic adhesive plastei obviates this by keeping the ^\ ound moist at all 
times without peiimttmg the formation of an appieciable dead space 
Its value from this standpoint is obvious 

Bacteriologic studies beat mg on this point are not yet complete, 
but I leport the following case, which was studied fully by Di Robeit 
Schrek and me 

E W , a college girl aged 24, scratched her legs while walking through briars 
on about Aug 3, 1933 Ulcers developed at the sites of the scratches, and on 
admission to the hospital on August 9 there were sixteen ulcers on her legs The 
two largest were chosen for special study Bv reference to the photo- 
graphs the method of procedure and the results may easily be followed For 
purposes of clarity hereafter the ulcer chosen for observation on the right leg 
will be designated as a and the one at a corresponding level on the left leg as b 



Fig 3 — Bilateral ulcers on the legs of E W At left, condition at start of 
treatment (September 11) , at right, ulcer, a, on the right leg, which waS treatM 
with a solution of boric acid, is still open , ulcer, b, on the left leg, which was 
treated with elastic adhesive plaster, is healed See also table 2 

From figure 3 it is readily seen that on September 11 b was almost twice as large 
as a The subsequent treatment and results are shown in table 1 

Thus, b, a larger ulcer than a, when treated by elastic adhesive plaster became 
sterile in nine days (or tuelve dajs earlier than a) and healed seventeen days 
sooner than a which was treated by gauze packs moistened with w'arm saturated 
solution of boric acid 

Another jiiopeity of elastic adhesive plaster tvhich I considei valu- 
able and which I am therefoie studying rathei intensivel}^ is its per- 
sistent elastic piessuie on the wound an action which for w'ant of a 
bettei term I call a “gloMng action ’ I have been foiced lecently to 
conclude that this plays a majoi role in the actual speeding up of the 
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CONTRACTION OF TISSUES 

The function that contraction plays in healing, as emphasized by 
Carrel and Hartman, has already been mentioned It is obvious that the 
concentric pull of elastic adhesive tape must greatly favor this and must 
therefore be important in promoting healing of wounds 

In eight cases they studied the parts that contraction and epidermi- 
zation each play m the healing process For the purpose of discussion 
two of their charts are reproduced ’ 

The first of these, figure 4, represents the graphic curve of healing 
of a wound of the upper clavicular region The lower curve represents 
the total surface area of the unhealed or granulating portion of the 



Fig 4 Graphic curves of healing of a wound of the upper clavicular region 
The graph is figure 19 of the article by Carrel and Hartman 2 

wound The upper curve represents this plus the area of the scar 
already formed It was obtained by tracing the outer border of the 
scar or cicatrix on cellophane and determining the area included by the 
use of a planimeter It is seen, as Carrel and Hartman pointed out, 
that the upper curve remains horizontal for a while and afterward 
inclines upward Cicatrization or healing in this case was therefore 
due entirely to epidermization and not to contraction During the 

bj strapping across it ’ with ordinary nonelastic adhesive plaster His observa- 
tions were well made, and I agree with him as to the \alue of ordinary adhesive 
plaster This work should go far toward substantiating the view" expressed 
first bj Monson and then by Carl Beck, who advocated treatment of superficial 
wounds bj means of strapping with adhesive plaster It is in direct line with nj 
obser\ations on the healing of wounds under elastic adhesue plaster 
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transversely so as to produce a pressure inward toward the center of 
the leg of about 2 to 3 pounds (0 9 to 1 3 Kg ) per square inch Tracings 
were then made at regular intervals as the ulcers healed 

In order that the progressive decrease in the areas of the wound 
might be visualized, cut-outs of their outlines placed over black paper 
were employed A few of these are shown in figures 7 and 8 These 
cut-outs show quite a uniform tendency for the transverse or horizontal 


Table 3 {Experiment B) — Linear Measurement of Greatest Diameteis of 

Wound m Cenhmeteis 


Date 

1/23 

1/30 

2/6 

Vertical measurement 

53 

48 

46 

Horizontal measurement 

62 

39 

36 


Table 4 {Experiment B) 

— Linear Measurement of 
Cicainr m Centinieteis 

Greatest 

Diameter of 

Date 

1/23 

2/lS 

3/20 

Vertical measurement 

53 

33 

33 

Horizontal measurement 

62 

22 

23 


Table 5 — Comparative Decrease m Maximum Vet heal Dimension {V) and 
Maximum Horizontal Dimension {H) of Ulcers in Centimeters {Elastic 
Adhesive Plaster Applied Transvei sely to Long Axes of Ulcers) 

Case 

W 

V® 


H® 

H P (25)* 

64 

35 

37 

07 

W W (26) 

52 

21 

1 4 

04 

S D (30) 

58 

29 

32 

09 

P H (33) 

32 

1 7 

17 

07 

N B (14) 

12 4 

96 

73 

25 

Totals 

330 

19 8 

17 3 

52 


* Tho figures m parentheses denote intervals in days between rneasurements m eaeh case 


dimension of the ulcer to decrease proportionately more rapidly than the 
vertical In other words, the wounds in general assume a long narrow 
shape, so that the edges lying lengthwise of the extremity are brought 
close together before healing takes place 

From table 5 it is evident that under the effect of transverse traction 
by elastic adhesive strapping the widths of all the ulcers decreased much 
more rapidly than their heights By figuring out the proportions, the 
transverse dimension is found to decrease 1 9 times, or almost twice, 
as rapidly as the vertical 
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These facts ma} easily be ACiified by consideimg the pulling apait oi 
retraction of edges of skin ^Yh^ch occurs when a ciicle of skin is excised 
fioin a dog’s abdomen The outline of the pattern (fig 6 expeiiment 
A) along which the cnculai incision was made measured 5 2 cm m its 
transveise diametei, but aftei tbe central skin was excised it measuied 
6 3 cm Evei}'^ surgeon is well acquainted with the gaping of the edges 
of a wmund which occuis wdien a simple line incision is made and 
knows how' laige an aiea from which a full thickness giaft is cut may 
become by leti action of edges Ti action by adhesive tape is often 
used m the suigical tieatment of wounds lesultmg fiom accidents 
m place of sutures to deciease the size ot skin defects It is piobable 
that elastic adhesive plastei may accomplish similai lesults more gradu- 
ally in oldei wounds by slowly ovei coming the outwaid pull ot the 
sui 1 oundmg skin 

In ceitam old ulceis a shaie of the failure to heal oi tai duress m 
healing wdnch occuis at times may be due to the fact that granulations 
aie unhealthy and fail to contract It is w’holly logical that elastic 
adhesive plastei may supply the force to contract and heal which is 
lacking 111 such cases 

Knowung these facts, I decided to mrestigate the exact eftect of the 
constant mechanical tension of elastic adhesn e piaster m one dimension 
toward the center of the wound on the process of conti action 

EXPERIMENTAL EVIDENCE THAT ELASTIC ADHESIVE STRAPPING 
FAVORS HEALING THROUGH CONTRACTION 

Experimfivt K — Three oval outlines were marked off on the abdomen of a 
dog after it had been sha\ ed With the animal under ether anesthesia the skin 
was excised between the two outer outlines and inside the inner one, thus leaving 
a circular band or ‘doughnut” of skin isolated on a raw' surface which was to 
serve for a different studj Tracings on cellophane of the epithelial edge of the 
outermost circle were made regularh erery two davs as the edge grew’ inward 
toward the center Tracings on the same cellophane w'ere made of the outline 
of the circle of skin as the edges of the latter grew inward and outward, respec- 
ti\ elj At each dressing the v ound w as co\ ered with dry sterile gauze strapped 
on with adhesive plaster 

The progress of healing is show'll bi the reduced drawings (fig 6, experiment 
A) In the last tracing the heaiier outer ring represents the outline of the wound 
at the start of the experiment The inner dotted lines represent the degree of 
athancemeiit of the healing edges twehe dais later 

Fiom these chaw mgs it is seen that the shape of the wound an oial 
with the greatest dimension veiticallv placed remained much the same 
dining healing when an oidinaii tape of chessings was used kleasure- 
ments showing this to he true aie guen in table 2 
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long and naiiow during healing, or, in other uoids, in general they 
retain their original shapes These shapes, incidentally, have been shou n 
to be the ones best adapted for the attainment ot rapid healing 

It IS to be noted in this connection that while the lengths of the 
narrow wounds aie not sufficiently decreased to altei completely the 
shapes of the wounds, nevertheless they show decreases which are maiked 
when considered relative to the changes in wounds not tieated with 
elastic plastei If healing had not supervened too early, then shapes 
would probably have been alteied The case of Q W corroboiates 
this, since just before healing the wound assumed an almost circular 
shape, with a vertical diametei of 0 55 cm and a hoiizontal diameter 
of 0 5 cm 

The data on experimental wounds and on wounds m human beings 
which we have piesented show that elastic adhesive plastei favors con- 
traction in one axis of the wound and through this action greatly 
favors the healing process 

One more question seems peitinent to the discussion Since it is 
known that a surface wound such as an ulcei has two dimensions and 
elastic adhesive plastei can contract in only one of these, why would 
not more rapid healing be obtained by using a mateiial uniformly elastic 
in all directions, such as finely peifoiated dental lubbei'-dam impreg- 
nated with the same kind of plastei ? Such a plastei would shrink 
the wound inwaid in all directions In answer, I may say that I have 
aheady used strips of elastic adhesive stiajjping vertically as well as 
longitudinally simultaneously over wounds by stretching a strip up the 
bide of the leg and covering it with the usual spiral turns The effect 
seems to be better than that produced by using the spiral turns alone 
It IS readily seen, howevei, that since the cloth is not elastic in the 
direction of its width this nonelasticitj'^ must necessarily impede the 
pull inward in this direction of the overlying cloth “ 

SUMMARY AND CONCLUSIONS 

In a previous report, prompt healing under elastic adhesive plaster 
was reported in 96 7 per cent of chionic ulcers, most of which had 
been refractory to othei nonoperative forms of treatment 

A closer study of a tj^pical group of ulcers by quantitative methods 
shows that (a) The healing rate of most chronic ulcers treated by 
elastic adhesive strapping is more lapid than the ideal rate of healing 
for recent wounds kept sterile by dilute solution of sodium hypochlorite 

9 Since this article was submitted I ha^e constructed a semipermeable elastic 
adhesiv'e cloth which is uniformlj elastic in all directions This has been named 
equiplast The effect which it has alreadj produced on experimental and human 
wounds w'lll be made the subject of a further report 
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diameter of the oval was placed horizontally instead of vertically Similar tracings 
were made throughout, but in addition the outline of the cicatrix was traced so 
as to determine how much contraction of the scar, if any, occurred Instead of 
the ordinary dry gauze dressings used in experiment A, elastic adhesive plaster 
was stretched firmly in a horizontal direction across the wound and was replaced 
at each tracing Figure 6 (experiment B) shows the progressive changes in out- 
line during healing The heavier outer ring in the last tracing represents the 
outline of the wound at the start The inner heavier dotted outline represents the 
advancement of the edge after fourteen days of healing The innermost circle 
shows the final shape and size of the cicatrix 

It may be noted that the shape of the wound was changed by elastic 
adhesive strapping from a horizontal oval to a vertical oval 

Results — The results as given m tables 3 and 4 are self-explanatory 

Thus it IS seen that the shape of the wound was changed during 
healing m such a manner that the horizontal diameter, which was 
originally greater, became smaller than the vertical The original fraction 
representing the relation of the vertical to the horizontal dimension 
changed from 5 3/6 2 to 4 6/3 6 


Table 2 (Evpcivuent A) — Linear Measut emoU of Greatest Diameters of the 

JVowid in Ceniimetci s 


Date 

1/10 

1/18 

1/21 

1/23 

1/25 

1/28 

Vertical measurement 

49 

45 

30 

37 

31 

27 

Horizontal measurement 

4 2 

4 2 

39 

34 

34 

25 


When one turns attention to the cicatrix or scar, it is found that a 
similar condition exists The original fraction representing the relation 
of the vertical to the horizontal dimension changed from 5 3/6 2 to 
3 3/2 3 The greatest decrease in the size of both the granulating sur- 
face and the scar m experiment B is seen to occur in the horizontal 
dimension, in which the inward pull of the elastic adhesive bandage 
was exerted Since there was no corresponding change in either diameter 
of the wound in experiment A, which was treated without elastic adhesive 
bandage, it is concluded that the latter is responsible for the diminution 
in size or the contraction produced Also, since it was found that the 
healing was much more rapid in the wound treated with elastic adhesive 
bandage, it w’as concluded that the contraction which was shown to be 
present must play a favorable role in healing 

Evidence fioin Human Wounds — I have made similar studies based 
on human wounds of the role of contraction or shrinkage of wounds 
due to the pull inward of elastic adhesive strapping which is applied 
spirally about the lower extremity The patients m each case had one or 
more ulcers of the leg The elastic adhesive liandages w’ere applied 




SHOCK THE MECHANISM OF DEATH 
FOLLOWING INTESTINAL 
OBSTRUCTION 

VIRGIL H MOON, MD 

AND 

DAVID R MORGAN, MD 

PHILADELPHIA 

The mechanism by which death results from intestinal obstruction 
remains a much debated question The literature on this subject is 
voluminous, and extensive experimentation has led to dissension rather 
than to agreement The reports are characterized by general similarity 
m the essential results of experimentation and by diversity of inter- 
pretation No attempt will be made here to analyze these reports 
The analysis by Cooper^ considered 161 articles, and reflected the 
divergent views of the authors He reviewed the evidence and inter- 
pretations and closed his summary with the unanswered question 
“What is the cause of death in high intestinal obstruction^” 

In studies on shock of various origin in man and on experimental 
shock, we are struck by the similarity between that condition and the 
phenomena resulting from intestinal obstruction When shock is 
induced in dogs without trauma and without the complicating factor of 
deep narcosis, a characteristic group of symptoms is produced The 
animal becomes inactive and listless and refuses food There are 
muscular tremors, vomiting, salivation and, in the later stages, the 
passage of fluid stools, which frequently contain blood and mucus 
The pulse becomes rapid, the blood pressure falls, the temperature 
becomes subnormal or sometimes increased and the respirations are 
slow and deep The blood becomes markedly concentrated, the non- 
protem nitrogen content increases and the coagulability decreases The 
urine becomes scanty and concentrated Frequently it contains blood 
and albumin Lethargy or coma and evidence of circulatory failure 
precede death 

This syndrome as described may be produced by introducing fresh 
finely chopped dog muscle into the peritoneal cavity, by the intravenous 
injection of peptone, of watery extracts of various tissues, of histamine, 
mercury bichloride or various other drugs or of sterile suspensions of 
bacteria or bacterial products and by other means 

This work was aided by the Martin Research Fund 
From the Department of Patholog>, Jefferson Medical College 
1 Cooper, H S F Catise of Death in High Obstruction, Arch Surg 
17 918 (Dec ) 1928 
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Fig S — Cut-outs showing progre'«i\e licihng ot hunnn ulcert The honzonnl 
mimhers n dicite ireis ot wounds in squirt ccntinuttrs the terticil numbers 
show the dilts 
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The peritoneal surfaces of the bowels were rose-red or bluish red The 
mucosae were dark red and contained numerous heniorrhagio flecks 
Similar minute hemorrhages were present in the surfaces of the liver, 
spleen and kidne3"S Blood-tinged fluid w as present in the serous caA ities 
The lungs w^ere deep red and contained numerous ecch}mioses in 
their substance and also in the pleura Blood flowed freety from the 
cut surfaces of the organs The outstanding microscopic features w^ere 
distetition and engorgement of the minute vessels in all the tissues 
There were numerous capillary hemorrhages in the substance of the 
organs especiall)' in the lungs liver and kidnej'^s Heubner concluded 
that circulator}’- failure resulted from the widespread dilatation of the 
capillaries and lenules The animals had bled to death into their owm 
capillaries as he expressed it 

Dale and Laidlaw ■' noted similar circulator} changes in shock 
following injections of histamine An increase m the concentration of 
hemoglobin and red cells of 40 per cent was an associated feature 

Obseri ations on congestion, edema, capillary hemorrhages and 
nemoconcentration (increase m the concentration of hemoglobin 
and red cells) were recorded by mam authors (Hooker,® Gasser and his 
associates' Keith® Ba}hss,® Cannon and his co-workers,^® Whipple 
and his co-workers in studies on traumatic shock In the records of 
postmortem examinations after shock from battle wounds, marked con- 
gestion and edema of the viscera, effusions of fluid into serous caMties 
and capillary hemorrhages in mucous and serous surfaces w’ere noted 

5 Dale, H H, and Laidlaw, P P J Phisio! 52 110 and 355, 1919 

6 Hooker D R Am J PHsiol 54 30, 1920 

7 Gasser, H S Erlanger, J , and Meek, W J Am J Phj siol 49 90 
and 151, 1919, 50 31 1919 

8 Keith, X M Blood Volume in Wound Shock, m Reports of the Special 
In% estigation Committee on Surgical Shock and Allied Conditions VIII Trau- 
matic Toxaemia as a Factor m Shock, Medical Research Committee, Special Report 
Series no 26, London, His !Majest\ s Stationer\ Office, 1919, p 36 

9 Ba\liss, W M Observations on the Results of Muscle Injur\ and Their 
Treatment in Reports of the Special Imestigation Committee on Sufgical Shock 
and Allied Conditions VTII Traumatic Toxaemia as a Factor in Shock, Medical 
Research Committee, Special Report Senes, no 26, London, His Majestv’s Sta- 
tionen Office, 1919, p 23 

10 Cannon W B Some Characteristics of Shock Induced b\ Tissue Injun 
in Reports oi the Special Imestigation Committee on Surgical Shock and Allied 
Conditions VIII Traumatic Toxaemia as a Factor m Shock Medical Research 
Committee Special Report Senes, no 26 London His Majesty s Stationerv 
Office, 1919, p 27 Traumatic Shock, Xew York, D Appleton & Companv 1923 
Cannon M B , Fraser, J , and Hooper A X Aledical Research Committee 
Special Report Series, no 25, 1919, p 72 

11 Whipple, G H , Smith, H P, and Belt, A E Am J Phvsiol 52 72, 
1920 
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In the case of N B linear measurements of the outline of the scar 
or cicatrix gave the values shown m table 6 These values indicate that 
healing in this case proceeded by means of both contraction and epider- 
mization but that the former must have paved the way for the latter 
by helping to render the rvound a long narrow one Since the con- 
traction IS seen to have occurred almost totally m one dimension, vi/ , 
the horizontal, it seems certain that the transverse concentric pull inward 
of the elastic adhesive plaster must here as in all the cases previ- 
ously referred to, have exerted a favorable influence on the factor of 
contraction 

Since the elastic adhesive plaster used in these studies exerts a 
force in only one direction, the question logically arises What would 


Table 6 — Lvirar ^fcoutt rwciits of Gtcatat Diameter of Ciealin iii 
Ceiitimetets (N D ) 


Date 

o/n 


m 


Horizontal measurement 

1 "l 




Vertieal incnsureincnt 

12 4 





Table 

7 — Comparative DccieasrK vi 

Maximum Veitical Dimension (F) and 

Mavtmum Horizontal Diiiicnsioti 

{H) of Ulceix in 

Ceiitiiiieteis {Elastic 


Adhesive Plaster Applied Lengthn-ise 

to Lang 

Axes of Ulccis) 

Case 

VI 

V= 

v= 

iix 

11= H= 

H W 

39 

25 

0 (liealcd) 

10 5 

5 4 0 

Q W 

23 

17 

0 55 

39 

20 05 

B A 

1 1 

05 

0 35 

1 7 

11 09 

Totals 

73 

47 

09 

10 1 

94 14 


be the effect of applying the plaster so that its pull is inward in the 
direction of the long dimension or axis of a wound instead of in the 
short axis^ In other words, what would be the effect of applying 
the plaster so that its pull centrally would be exerted lengthwise of a long 
narrow wound ^ Unfortunately most patients available for study had 
ulcers of the legs, and these were narrower in the long axis of the leg 
than they were in the short transverse axis, or the diiection in which 
the elastic adhesive plaster was stretched to encircle the leg 

The opposite was true in three cases, however In these the ulcers 
were long in the transverse axis of the leg and comparatively narrow 
The elastic pull of the adhesive plaster was exerted inward along their 
long axes 

Table 7 shows that m spite of the pull of the elastic adhesive plaster 
being inward along the lengths of the ulcers the latter remain relatively 
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the systemic demand In a few instances we have found the spleen 
relaxed, atonic and engorged, but usually it is contracted, diy and 
bloodless 

In the reported experiments on intestinal obstruction the details 
of postmortem observations are fragmentary Yet the records agree in 
the frequent mention of marked congestion and capillary hemorrhages 
m the gastro-intestinal mucosae m parts not involved by the obstruction 
The capillaries and venules along the mesenteric attachment are engorged 
and distended, and there is marked congestion of other viscera, especially 
of the liver and kidneys The blood clots slowly and appears concen- 
trated Marked congestion of the lungs and of the mucosa of the 
respiratory tract are reported frequently 

The decrease m blood chlorides accompanying intestinal obstruction 
IS much discussed This feature is not peculiar to intestinal obstruction 
It follows injection of histamine in animals (Drake and Tisdall,’^^ 
Hashimoto^®) and is a prominent feature in shock resulting from 
insufficiency of the adrenal cortex (Banting and Gairns The blood 
chlorides are decreased in persons with many severe illnesses, including 
venous stasis, diabetic intoxication, pneumonia, pleurisy, burns, 
mercuric poisoning, eclampsia and other toxemias of pregnancy, 
anaphylactic shock, serum disease, etc (Peters and Van Slyke 
It IS of interest to note that these conditions fiequentlv produce shock, 
with hemoconcentration and characteristic postmortem appearances 
(Atchley,^® Eppinger,^® Moon -®) A decrease in blood chlorides is not 
a distinctive feature of intestinal obstruction but is a feature in common 
with other conditions terminating m circulatory disturbances of the shock 
type The same statement applies with equal force to the high non- 
protem nitrogen content of the blood It also is found regularly in shock 
from diverse causes 

POSTMORTEM OBSERVATIONS ON ANIMALS WITH INTESTINAL 

OBSTRUCTION 

Experimental obstructions were made in dogs to provide material for observa- 
tions on the associated pathologic changes With the animal under ether anesthesia 
and with aseptic technic, a tape was tied about a loop of bowel immediately below 
the mesenteric root The included length of bowel ranged from 8 to 36 inches 

14 Drake, T G H , and Tisdall, F F J Biol Chem 67 91, 1926 

15 Hashimoto, H J Pharmacol & Exper Therap 25 381, 1925 

16 Banting, F G, and Gairns, S Am J Physiol 77 100, 1926 

17 Peters, J P, and Van Sljke, D D Quantitative Clinical Chemistr>, 
Baltimore, Williams &. Wilkins Company, 1931 

18 Atchley, D W Medical Shock, J A M A 95 385 (Aug 9) 1930 

19 Eppinger, Hans Wien klin Wchnschr 47 10 and 355, 1919 

20 Moon, V H Das Schocksvndrom, Deutsche med Wchnschr 60 1667 
(No\ 2) 1934 
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as computed by Caiiel, Haitman and du Nouy, {b) du Nouy’s ideal 
algebiaic equations foi the late of healing oi cicatiization of sterile 
wounds must be collected foi a constant eiioi when ph 3 fsical lathei 
than chemical agents (antiseptics) aie employed 

New geometiic cunes aie deined which it is claimed expicss moic 
accurately the ideal late of wound healing than those foimeil}’- gneii 
b}'^ Can el and Haitman 

The se\eral actions thiough which elastic adhesive plastei exeits a 
favorable influence on wound healing aie ciiticall) anal}7ed 
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Histologic Examination In the lung there was moderate congestion of the 
capillaries and venules and moderate edema of the alveoli and bronchial mucosa 
There were scattered capillary hemorrhages The mucosa of the unobstructed 
bowel showed marked congestion, slight edema and capillary hemorrhages The 
venules and capillaries of the papillae were markedly distended and tortuous (fig 
3) There was moderate congestion of the mucosa of the stomach The pulp 
of the spleen was anemic In the kidney there were marked congestion, edema, 
capillary hemorrhages and marked parenchymatous degeneration The liver 
showed moderate congestion of the sinusoids The heart muscle, adrenal glands 
and pancreas showed no changes 

Dog 171 — This was a mongrel weighing 21 pounds (9 S Kg ) The red cell 
count was 8,000,000, the pulse rate 80, the respiratory rate 40 and the temperature 
103 F 

On February 6, at 8 00 a m , about 3 feet (90 cm ) of the upper part of the 
small bowel was included in a loop ligated with tape At 1 30 p m examination 
revealed that the red cell count was 9,600,000, the pulse rate 108, the respiratory 



Fig 2 — Photograph showing congestion and hemorrhage of the mucosa of 
the unobstructed portion of the bowel of dog 170 compared with the small bowel 
from a normal dog (below) 

rate 48 and the temperature 103 5 F The dog was inactive and listless and vomited 
frequently At 2 30 p m , 10 cc of a 1 per cent neutral solution of trypan blue 
was gn en intravenously At 7 30 p m , the dog was comatose and moribund 
The red cell count was 9,980,000, the pulse rate, 120, the respiratorj rate 40 and 
the temperature 102 5 F 

Postmo) fern Examination — There was no fluid in the pleural cavities The 
pleural surfaces of the lungs contained petechial hemorrhages There was 
moderate congestion of the lung substance There were petechial hemorrhages 
and marked bluing of the endocardial surfaces The obstructed loop of bowel 
was greatly distended and intenselv hemorrhagic The peritoneal cavitv contained 
about 150 cc of thin blood-tinged fluid There was no peritonitis The entire 
g astro -intestinal mucosa above and below the obstructed loop was intensely 
colored with the tnpan blue It contained numerous ecchjmoses and was swollen 
and edematous The liver and kidnevs were congested dnd mottled with hemor- 
rhagic areas The kidnevs and bladder showed marked staining with the tnpan blue 
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In articles dealing with intestinal obstruction a few of the authors 
have commented on the shocklike manifestations, but the majority of 
the leports have contained no suggestion that the shock syndrome has 
been recognized There is general agreement that in dogs with intes- 
tinal obstruction at a high le\cl there are vomiting, tremors and weak- 
ness the pulse becomes rapid and weak, and the blood pressure falls 
The blood becomes concentrated its nonprotein nitrogen content 
increases and the chloride content decreases The urine is scanty and 
may contain albumin or blood Coma or lethargy precedes death 
There is agreement that the same features follow the intravenous 
injection of various prejiarations of intestinal contents from a closed 
or strangulated loop Stone and his associates - attributed this to 
alteration of digestive secretions and peihaps to absorption of products 
of protein cleavage from the closed loop Gerard ^ attributed the 
intoxication to the liberation of histamine and other products of protein 
cleavage from the wall of the obstructed bowel He showed that both 
histamine and substances from obstructed bowels produce a fall in 
blood pressure and temperature, rapid respiration, vomiting, bloody 
diarrhea decreased coagulation of the blood and hemoconcentration 
Marked engorgement of the gastro-mtestmal mucosa w’as recorded as 
a postmortem feature following such injections Some w’orkers pro- 
duced these manifestations by intravenous injections of bacteria or 
their products Numerous experiments of these types are on record 
Apparently none of the authors were aw'are that each of these pro- 
cedures w'lll produce shock and that the manifestations described are 
characteristic of the shock syndrome Detailed descriptions of the 
postmortem observations, with particular reference to visceral circula- 
tory changes, wmuld be most enlightening m such experiments Unfor- 
tunately, these w'ere not included in the published data 


CHANGES CHARACTERISTIC OE SHOCK 


Most of the studies on intestinal obstruction w'ere published before 
it was recognized that shock is accompanied by characteristic changes 
demonstrable by postmortem examination It seems remarkable that 
these changes have so long escaped the attention of those interested 
in such conditions Heubner (1907)^ produced fatal shock by intra- 
venous injection of gold chloride and gave the earliest description we 
have found of the visible changes characteristic of shock The finest 
venules especially m the abdominal viscera, w'ere heavilj'^ congested 


2 Stone, H B , Bernheim, B M , and Whipple, G H Bull Johns Hopkins 
Hosp 23 159, 1912 Ann Surg 59 715, 1914 

Tn ^ ^ Lethal Agent in Acute Intestinal Obstruction, J A kl A 

79 1581 (Nov 4) 1922 

4 Heubner, W Arch f exper Path u Pharmakol 56 370, 1907 
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Postmoi tern Exammatwn — The visceral and parietal pleurae were greatly con- 
gested and were stained with trypan blue About 100 cc of blood-tinged bluish 
fluid was m each pleural cavity There were petechial hemorrhages in the pleura 
and in the lung substance The pericardium was congested, contained petechial 
hemorrhages and was moderately stained with blue There was intense blue 
staining of the parietal wall and of the visceral peritoneum There were marked 
congestion and bluing of the mucosa of the stomach The obstructed portion of 
the bowel was intensely hemorrhagic and distended The internal and external 
surfaces of the unobstructed bowel were greatly congested, edematous and 
intensely stained with blue The peritoneal cavity contained about ISO cc of 
blood-tinged fluid There was no peritonitis The liver and kidne>s were markedly 
congested The kidneys were stained markedly with blue The lining of the 
bladder was moderately congested and stained with blue 

Microscopic Examination In the lung there were diffuse congestion, scattered 
capillary hemorrhages and slight edema The pulp of the spleen was anemic In 
the small bowel there were marked congestion, edema and capillary hemorrhages 
of the mucosa There was moderate congestion of the mucosa of the stomach 
The kidnej' showed marked congestion and parenchymatous degeneration There 
was slight congestion of the liver In the bladder there was marked congestion 
of the venules and capillaries of the lining The heart muscle, skeletal muscle 
and adrenal glands showed no visible change 

Expenments on Ofliei Dogs — Six other dogs, 174 to 179 inclusive, were 
treated in exactly the same fashion and with exactly similar results, except 
that 111 a few instances trypan blue was not given The evidences of illness and the 
gross and microscopic changes were not different in any particular from those 
reported in the protocols of the previous experiments The time elapsing between 
the operation and death ranged from sixteen to thirty hours These dogs did not 
die of peritonitis They showed the same characteristics as are seen in the shock 
syndrome produced by various means 

In another experiment injections of aqueous extracts of intestinal mucosa were 
tested for their effects on blood pressure The fresh duodenum and jejunum 
irom a normal dog were opened and washed free from their contents The 
mucosa was scraped with a dull knife, and one volume of the scrapings was 
suspended and vigorously shaken with four volumes of physiologic solution of 
sodium chloride This was centrifugated at high speed for ten minutes, and the 
clear supernatant fluid was injected intravenously into dogs which had been 
anesthetized with ether and had a cannula in the carotid artery recording blood 
pressure through a mercury manometer An aqueous extract of mucosa from 
an obstructed loop of bowel was prepared and used m exactly the same manner 
The mucosa from such obstructed loops is diffusely hemorrhagic and partially 
necrotic and contains many bacteria Hence, as may be expected, its effects are 
more severe 

Dog 180 was given 10 cc of extract of normal mucosa The blood pressure 
promptly fell 56 mm and then graduallv returned to normal In dog 181 and 
182 the blood pressure fell 70 mm and 62 mm , respectively, following the injection 
of the same volume of extract In each instance the blood pressure returned to 
normal within thirty minutes At subsequent postmortem examinations there was 
slight diffuse congestion of the lungs, gastro-intestmal mucosa and hvei No 
other significant changes were present 

Dog 183 received 10 cc of extract of mucosa from an obstructed loop This 
produced a rapid fall in blood pressure ending in death almost immediately Dog 
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regulail}' by the pathologists None of these ohseiveis commented on 
the significance of these visible evidences oi emphasi/ed then etiologic 
lelationship to the mechanism bv which shock lesults Moon and 
Kennedy^" pioducecl shock hj' canons methods in dogs and found 
legulaily the same changes as desciibed by Heubnei Recently one 
of us (Di Moon”) summaii/ed as follows the changes accompanying 
the shock synch ome vaiiously pioduccd 

The ctins in subcutaneous nnci pcnplicrnl areas arc collapsed and relatively 
bloodless The nscera are deeph congested and lia\c a purplish, diffuse, cvanotic 
color This IS especialh prominent in the lungs, li\cr and gastro-intestinal tract 
The cenules of the visceral peritoneum arc engorged and distended Those along 
the mesenteric attachment arc especialh piomnicnt Usuallv the spleen is con- 
tracted and bloodless, though occasionalh it also is engorged Fherc are vaarv ing 
quantities of thin blood-tinged fluid m the peritoneal, plcuril and sometimes m 
the pericardial cavities The mucosae of the respiratorv and gastro-intestinal 
tracts are swollen and have the appearance of red velvet There arc numerous 
petechial hemorrhages m the lungs, in the pleural and pericardial surfaces, in the 
intestinal mucosa, occasionalh in the lining of the gall and umiarj bladders and 
III the meninges Edema of the lungs and mucosae and serous effusions are most 
marked when shock develops gradualh and death is not immediate When shock 
ending in death develops rapidlv congestion and capillarv hemorrhages are 
marked and edema is a less prominent feature The fluid present in the stomach 
usuallv contains “coffee-grounds” flocculi which give a positive test for hemo- 
globin The fluid III the stomach and bowel contains quantities of scrum albumin 
The undiluted fluid often forms a solid coagulum when heated 

On microscopic examination there arc marked dilatation and engorgement of 
the capillaries and venules in each of the organs mentioned There are numerous 
minute areas of hemorrhage, •'pparcntlj from dissolution of capillarj walls, and 
tissue edema is present in v arv iijg degrees The adrenals participate in these 
circulator} changes in a degree similar to that seen m other organs, but they 
show no other changes 

These observ'ations indicate a widespread loss of tonus affecting the capillaries 
and v'enules The circulatory disparity in this instance results from an increased 
volume-capacity of the vascular svstem or, what is equiv'alent, from inability of 
the vascular system to contract with its normal tonus on the contained blood 

There was evidence that the minute V'cssels were abiiormallj permeable to 
blood plasma This gave rise to edema, serous effusions, and to the transudation 
of fluid from the blood into thb gastro-mtestmal canal Such loss of fluid lowers 
the blood volume and produces hemoconcentration 

The fact that the spleen usually' does not shaie in the visceial con- 
gestion IS significant The spleen acts as a reseivoiy foi blood not needed 
b}' the systeih Shock is snnilai to hemorrhage m its eftects, and the 
i^pleen dischaiges its leseive of blood in a physiologic effoit to meet 

12 klooii, V H , and Kennedv , P J Pathologv of Shock, Arch' Path 14 
360 (Sept ) 1932 

13 Moon, V I-I Shock Sjudflome in Medicine md Surgery, An'n Int Med 

S'- 1633 (June) 1935 '■ 
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these necropsies weie made before it was recognized that visible circula- 
toiy changes regularly accompany the shock syndrome Such changes 
as marked visceral congestion, edema of mucosae and of the lungs, 
capillaiy hemoirhages in mucous and seious surfaces and blood-tinged 
serous effusions weie noted fiequently in these postmortem records, 
though without comment on their significance The following case is 
illustrative 

A man, aged 54, became weak and sick while working He had abdominal 
Ijam and an urgent desire to defecate Nausea and vomiting developed, and there 
was frequent passage of watery fetes The abdomen was somewhat distended and 
tender, but there was no rigidity Tympany and active peristalsis were noted 
On the following dav, the bowel movements had ceased, but the other symptoms 
increased in severity The skin was cold and clammy, the nail beds and lips 
became cyanotic and the temperature was subnormal The blood pressure was 116 
systolic and 88 diastolic, and the radial pulse rate was 114 The red cell count 
was not recorded The vomitus was voluminous and contained visible blood 
A stomach tube was introduced, and large quantities of fluid were removed 
from the stomach Moderate congestion and edema of the lungs were noted 
Intravenous injections of dextrose in saline solution and stimulants were given 
without benefit On the next morning, the blood pressure was not measurable 
The radial pulse was very rapid and barely palpable The patient became comatose 
and died about sixty-five hours after the onset of illness The chief of staff 
noted on the record “This man was in a state of shock ” 

At necropsy a loop of ileum about 7 feet (213 cm ) long was found obstructed 
by adhesions The mucosa of this was markedly hemorrhagic and contained 
areas of necrosis Thrombi weie present in the small mesenteric vessels The 
fluid from the stomach contained “coffee-ground” flocculi The mucosa of the 
stomach and that of the unobstructed bowel were swollen, deeply congested and 
ecchjmotic The peritoneal cavity contained blood-tinged fluid, but there was no 
evidence of generalized peritonitis The lungs were markedly congested, had 
increased in weight and contained numerous small hemorrhagic areas Moderate 
pulmonary edema was present The liver and kidnejs were congested The 
spleen was not congested but was tough and flabby in consistencj The adrenal 
glands showed no visible changes 

Details of other cases of this type would be a repetition of obseiva- 
tions well established and recognized by surgeons The changes observed 
post mortem do not differ from those usually described They are 
those w Inch regularly accompany the shock syndrome, whether it occurs 
clinically or as a result of expei imentation 

COilMENT 

The shock syndiome is a giav'e ciiculatoiy distuibance, which may 
originate in different vv^ays It aiises whenever there is a serious dispanty 
between the volume of blood and the v^olume capacity of the v^ascular 
system Such a dispanty mav develop fiom a decreased volume of 
blood, from an increased volume capacity of the vascular system or 



MOON-MORGAM—INl ESI INAL OBSTRUCTION 


781 


(20 to 90 cm ) in different dogs, and the tape was sufficient!) tight to olistruct 
the lumen No k)mographic records were made since it was desired to avoid 
the complicating effects of prolonged anesthesia, which often produces dilatation and 
engorgement of minute \tssels, resulting in shockhke phenomena Such effects 
are usuall) present if deep narcosis with one of the barbiturates has been emplo)ed 
Red cell counts and estimations of hemoglobin were made before and at intervals 
following the operations Hcmoconcentration served in these as in previous experi- 
ments to indicate the de\elopment of circulatory failure A few' representative 
protocols of these experiments follow' 

Dog 170 — ^This w’as a mongrel hound weiglnng 25 pounds (113 Kg) The 
red cell count w-as 6,800,000, the pulse rate 100, the respiratory rate 50 and the 
temperature 101 4 F 

On Februar) 5, at 8 00 a m , with the animal under ether anesthesia a loop at 
the upper end of the jejunum 8 inches (20 cm ) in length was ligated with tape 
The dog had marked tremors, was listless and inactive and vomited occasionally 



Fig 1 — Photograph show'ing congestion of tin. lungs of dog 170 compared 
with those of a normal dog (left) 


At 4 30 p m the red cell count was 8,890,000, the pulse rate 170, the respiratory 
rate 40 and the temperature 101 8 F On Februar) 6, at 8 00 a m , the dog 
W'as found in his cage dead and cold 

Postmoi tem Exammatwn — The lungs, pleura and pericardium were intensel) 
congested (fig 1) There was no free fluid in the chest cavities There w'as 
125 cc of blood-tinged fluid m the peritoneal cavity The peritoneum was markedly 
congested throughout but showed no eiidence of peritonitis The venules along 
the mesenteric attachment were distended and engorged The ligated loop of 
bowel was distended, intensely hemorrhagic and very dark The peritoneum 
covering the entire bowel tract was reddish purple The mucosa of the bowel, 
both above and below' the obstruction, w'as intensely congested and diffusely 
hemorrhagic (fig 2) The mucosa of the stomach w'as greatly congested and 
purple There was marked congestion of the liver and kidneys The spleen was 
c) , contracted and bloodless The adrenal glands appeared normal 
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normal capillary walls but will permeate the tissue spaces where per- 
meability of the capillaries is increased In our experiments there was 
marked staining of the serous and mucous surfaces, kidneys, bladder 
and other tissue in animals brought to death by intestinal obstruction 
This observation supplied visible evidence of increased permeability 
of the capillaries in extensive areas 

The hemoconcentration accompanying intestinal obstruction has been 
assigned to loss of fluid by vomiting Such fluid comes from the blood, 
largely because of permeability of the capillaries The fluid found in 
the stomach and frequently that in the bowel contain quantities of 
albumin The “coffee-ground" vomitus from such patients contains 
hemoglobin and serum albumin which have escaped through the walls of 
the capillaries Such loss of fluid is an important factor contributing 
to decreased blood volume and to hemoconcentration The effusions 
into serous cavities and the edema of the lungs and mucosae are like- 
wise important factors The combined effect of loss of blood Amlume 
by transudation and of increased volume capacity due to atony of 
capillaries and venules produces a circulatory insufficiency which mani- 
fests itself in the shock syndrome 

CONCLUSIONS 

There is much evidence that death following intestinal obstruction 
results from circulatory failure of the shock type 

The physiologic disturbances following intestinal obstruction are 
those usually seen in the shock syndrome 

The gross and microscopic visceral changes are identical with those 
which accompany shock produced by various means These changes 
are marked distention and engorgement of the capillaries and venules 
in the viscera, edema and ecchymoses of the lungs and gastro-intestinal 
mucosae and effusions into serous cavities Evidence of injury to the 
capillaries is seen in the capillary hemorrhages, the formation of edema 
fluid of high protein content and the rapidity with which colloidal 
dyes escape from the blood into the tissues 

The probable cause of the shock syndrome following intestinal 
obstruction is intoxication by histamine, by other products of injured 
tissue and by bacteria and their products absorbed from the obstructed 
bowel Any of these agents alone will produce the shock syndrome 
m animals Debate concerning the relative clinical importance of these 
agents is not profitable 

Intestinal obstruction is one of the many conditions which will 
produce characteristically the shock syndrome 
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There ^\as also staining of the niesciitera and of the retroperitoneal hinph nodes 
The adrenal glands were shghth congested but otherwise appeared normal 

Histologic Examination In the lung there were intense congestion of the 
leniiles and capillaries, niimcrous capillar\ hcniorrhages and beginning edema 
The mucosa of the unobstructed bowel was intenseh congested and contained 
numerous capillar\ hemorrhages The stomach showed marked congestion and 
capillan hemorrhages in the mucosa In the kidiiei there were marked congestion, 
numerous capillarv hemorrhages and marked parenchimatous degeneration In 
the liier there were congestion of sinusoids and pareiicln niatous degeneration 
The heart muscle, pancreas and adrenal glands were norma! 

Dog 173 — ^This was a male mongrel weighing 22 pounds (10 Kg ) The red 
cell count was 6350,000, the pulse rate 64, the respiraton rate 29 and the tem- 
perature 103 2 F 



Fig 3 — Photomicrographs of mucosa of the unobstructed bowel ( I), the 
kidnei (S) and the lung (C) from a dog with intestinal obstruction at a high 
leiel Note the edema and the marked distention ot the papillan lenules of the 
mucosa The glomerular and intertubular capillaries are congested, and there are 
congestion and capillan hemorrhages in the lung 

^On Februan 13, at 4 00 p m , a loop of the intestine approximately 10 inches 
(25 cm) in length was ligated with tape The duration ot the operation was ten 
minutes On Februan 14, at 8 00 a m, the red cell count was 8880,000, the 
pulse rate 85, the respiraton rate 25 and the temperature 103 F The dog showed 
the usual eiKleiices of illness, including muscular tremors, frequent \omiting 
rapid pulse, weakness and apathy At 5 00 p ni , the red cell count was 10,000 000, 
the pulse rate 90, the respirator} rate 30 and the temperature 102 7 F Ten cubic 
centimeters of a 1 per cent neutral solution of tnpan blue was injected mtra- 
leiioush A.t 9 00 p m, the dog was senneomatose and apparenth moribund 
le red cell count was 10,900,000 the pulse rate 140, the respiraton rate 
to and the temperature 103 8 F 








Table 1 — Obscivatwns on 17 Pcisonallx 


Date o£ Age and Previous 
Admission bev Operations 

1 XjHiSl 23 Appendectomy 
SI 4>r before, 
folloned by 
fecal fistula, 
three attempts 
to close fistula 
unsuccessful 


7/ 5/32 26 None 

SI 


3 9/ 4/32 16 None 

P 


4 9/13/32 24 None 

F 


5 11/13/32 34 None 

SI 


6 11/15/32 14 None 

P 


7/30/33 38 None 

SI 


S 


11/ 2 '33 


35 

M 


None 


mptoins on 
Admission 

Pecal discharge from 
abdominal rround 
loss of 40 lb (nt 

80 lb ), abdominal 
cramps, general 
iieakncss T, 99 P 

P H , SO E E , 20 

Duration of 
Symptoms 

4% yr 

Phjsical 

Findings 

Debilitated 3 scars 
in lower right quad 
rant with fecal fistula 
at lower end of a 
MeBurney scar entire 
abdomenverj tender 
lungs normal 

Preoperatiye 

Diagnosis 

Fteal 
fistula of 
tuber 
eulous 
n iture 

Laboratory 

Data 

Hem 77% 

E B C 4 2j 0,000 
W B C 10,600 
poly 77% 
mono 7% 
lymph 16% 
urine and 
feces normal 

Pams m right lower 
quadrant with nausea 
and vomiting, no 
prev lous attack T 

100 6 r P E 90 

E E 22 

3 da 

Well developed acutelj 
ill tenderness rigidity 
with rebound tender 
ness in right lower 
quadrant w ith slight 
distention 

Acute 

append! 

CltlS 

Hem 92% 
EBO 4 800 000 
W B 0 18,200, 
poly 92% 
lymph S% 
urine normal 

Pams m right lower 
quadrant with nausea 
and vomiting 

2 previous attacks 

T 99 2 r , P E 

100 E E 22 

3 da 

Weight 90 lb tender 
ness, rigidity with 
rebound tenderness in 
right lower quadrant 
with mass palpable 
moderate distention 

Acute 

appendi 

CltlS 

Hem 75% 

R B C 3 000 000 
W B C 0 700 
poly 60% 
lymph 29% 
mono 11% 
urine normal 

Pams in right lower 
quadrant vomiting 
no previous attack 

T lOOSF PE 

112 E E 24 

4 da 

W ell developed tender 
ness, rigidity with 
rebound tenderness in 
right lower quadrant 
with moderate distention 

Acute 

appendi 

CltlS 

Hem 80% 

EBO 3,953 000 
WBO 20100 
poly 94% 
lymph 3% 
mono 8% 
untie nonnal 

Pams in right lower 
quadrant with nausea 
and vomiting no 
previous attack 

T 102 2 F PE 
lOS E E 22 

2 da 

Well dev eloped tender 
ness, rigidity with 
rebound tenderness in 
right lower quadrant, 
no distention 

Acute 

appendi 

CltlS 

Hem 100% 
BBC 5 000 000 
WBC 10 200 
poly 90% 
lymph 10% 
urine normal 

Pams m right lower 
quadrant with nausea 
and vomiting no 
previous att ick 

T lOOF PH 

110 E E 22 

6 da 

Well dev eloped tender 
ness rigidity of entire 
lower quadrant with 
marked rebound tender 
ness slight distention 

Acute 

appendi 

Cltis 

Hem 99% 

R B 0 4,990 000 
W B 0 27 ,900, 
poly 87% 
lymph 10% 
mono 3% 
urine normal 

Pains m right lower 
quadrant and epigas 
tniim for past rear 
with nausea and 
vomiting at times 

T 99 4 F PE 

70 E E 20 

1 yr 

Well de\ eloped marked 
tenderness in right 
lower quadrant with 
hyperosthe'ia roentgen 
examination showed 
pathologic changes 
in appendix 

Chrome 

appendi 

CltlS 

Hem 100% 

K B 0 4 9j 0 000 
W B C 11 200 
poly 08% 
lymph 28% 
mono 4% 
urine normal 

Intermittent pains 
about umbilicus w ith 
nausea and eonstipa 
tion loss of 10 Ib 
in 0 mo q 90 S F 

P H 84 E K 24 

Sjr 

Well developed tender 
and distended abdo 
men with y isible peri 
otal'is no definite 
mass palpable, enema 
resulted m no return 
and increased pains 

Partial 

intestinal 

obstruc 

tlon 

Hem 100% 

R B C 5 loO 000 
Vy B C 13.000 
poly 67% 
ly mph 0% 
mono 3% 
urine normal 
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184 received the same dose, \\ith a siindar result Dog 185 was given 5 cc 
of the same extract This produced aii immediate fall in blood pressure ending in 
death m ten minutes At postmortem examination there was marked diffuse 
congestion of the lungs, bronchial mucosa, intestinal mucosa, liver and kidneys 
The venules along the mesenteric attachment were engorged and prominent The 
adrenal glands were slightiv congested The spleens were contracted and bloodless 
Microscopicallj there were marked congestion and numerous capillarv hemorrhages 
m the lungs and gastro-intestuial mucosae No edema w'as present 

This experiment illustrates the fact that extracts of normal tissues, 
111 this instance intestinal mucosa, produce a fall in blood piessure 
Whether this is due to histamine or to pioducts of protein cleavage 
produced by autolysis is not appaient Probably it is due to the combined 
effects of both The extract of mucosa from the obstructed bowel would 
probably not contain more histamine than noimal mucosa, but it would 
contain more products of necrotic disintegrating tissue The observa- 
tion IS not new that extracts of disintegrating neciotic tissues are toxic 
and wall produce a fall in blood pressure and other manifestations of 
shock if introduced into the circulation In our experiment the extract 
of obstructed mucosa was much more potent that that of normal mucosa 
under like conditions 

It IS probable that the absorption of substdiices fiom stiangulated 
loops takes place m part via the blood and lymph channels if these are 
not obstructed and in part by diffusion into the peritoneal cavity with 
absorption through the peritoneal surfaces The ]>ioducts of bacterial 
growth will be factors of importance in piopoition to their amount 
and toxicity The combined effects of histamine, products of disinte- 
gration of tissue and pioducts of bacteiial activity, any one of w'hicli 
alone will produce shock, wall account foi the clinical manifestations 
and postmoitem observations m cases of intestinal obstiuction or strangu- 
lation, whether occuiriiig spontaneously oi experimentally 

It has been noted repeatedly that the eftects of simple obstruction 
are much less marked than those of strangulation Apparently the 
mechanism is similai, and the diffeience is quantitative rather than 
qualitative 

INTESTINAL OBSTRUCTION IN HUMAN BEINGS 

In a survey of the records of postmortem examinations of the past 
ten years in Jefferson Hospital, tw'enty-six cases were found m wdiich 
intestinal obstruction was a chief or a contributory cause of death The 
obstructions rvere of various degrees, types and locations, and the dura- 
tion of illness varied Peritonitis was a complicating factor in many 
cases The cases in which obstruction w'as a major factor had the usual 
clinical characteristics Such features as teiminal circulatory failure, 
ivith rapid iveak pulse, falling blood pressure and pulmonary congestion 
and edema, were prominent in the clinical histones The majority of 



Table 1 — Ohseivations on 17 Pasoiwlly 


Date of Age and Previous 
Admission &e\ Operations 

9 12/18/33 7 ^one 


10 l/lS/32 37 A one 

(ist adm ) r 


2/12/3-! Ileocolostomv 

(2d adm ) 25 dais before 


11 5/10/31 21 A one 

P 


7/2T/31 23 Xone 

If 


13 7/29/Sl 39 ^one 

F 


14 9'20/''l 


49 -Ippendcctoniy 
M in 1910 


15 10/12/31 29 Appendectomy 

11 S mo before 
follorved bj 
fecal fistula 


IG 11/ C/31 2G A one 

31 


17 1 / 7/35 30 Aone 

31 


Symptoms on 
Admission 

Duration of Physical 

Symptoms Findings 

Preoperative laboratory 
Diagnosis Data 

Pams m right lower 
quadrant ii ith nausea 
and V omitmg 

1 previous attacl. 

T 103 6 F PR 

ISO, R R 21 

2 da 

Well developed tender 
ness, rigidity with 
rebound tenderness m 
right lower quadrant 

Acute 

appendi 

CltlS 

Hem 102% 

R B C 6 100,000 
W B 0 20,800, 
poly 83% 
lymph i% 
mono 7% 
unne normal 

Pams in right lower 
quadrant with nausea 
and t omitmg eon 
stipation several 
pre\ lous attacks in 
past year T 9SG F 

P R 120 R R 2S 

2 wk 

M ell developed tender 
ness and rigidity 
with rebound tender 
mss m right lower 
quadrant moderate 
distention 

Acute 

appendi 

eitis 

Hem 93% 
BBC 4 200 000 
WBC 15,800 
poly 85% 
lymph 12% 
mono 3% 
urine normal 

Diffuse abdominal 
cramps and i omitmg 

T 99 S F , P R 100, 

R R 21 


Harked tenderness m 
right lower quadrant, 
moderate distention 


WBC 18,200, 
poly 87%, 
lymph 13% 

Pams m right lower 
quadrant with nausea 
and vomiting 3 
attacks in past 1 yr 

T loosr PR 

SO, R R 20 

4 da 

■Well developed tender 
ness, rigidity with 
rebound tenderness in 
right lower quadrant 
slight distention 

Acute 

appendi 

CltlS 

Hem 987a 

R B C 4 650 000 
W B C 12 SOO 
poly 71%, 
lymph 217o 
mono 8% 
urine normal 

Pams in right lower 
quadrant with vomit 
mg 1 attack G mo 
before T 99 8 P 

P R 90 R R 20 

3 da 

■Well developed tender 
ness and rigidity with 
rebound tenderness In 
right lower quadrant 

Acute 

appendi 

CltlS 

Hem 118% 

R B 0 0 210 000 
WBC 20 000 
poly S0% 
lymph 20% 
urine normal 

Pams in right lower 
quadrant with vomit 
mg no previous 
attacks T lOl F 

P R 96, R R 21 

3 da 

Well dev eloped and 
obese tenderness and 
rigidity with rebound 
tenderness in right 
lower quadrant 

Acute 

appendi 

CltlS 

Hem 96%, 

R B 0 4 SOO 000 
H B C 16,000 
poly £8% 
lymph 12% 
urine normal 

Irregular sharp pains 
m right lower quad 
rant worse m past 

6 mo loss of 15 lb 
in 2 wk constip i 
tion \ raj of gastro 
intestinal tract 
normal T 99 2 F 

P R £6 R R 20 

2yr 

Well developed old 
HcBurney scar, irregu 
lar, slightly mobile 
very tender doughy 
mass in right lotver 
quadrant which was dull 
on percussion moderate 
distention of abdomen 

Aonspecific 
regional 
ileitis or 
carcinoma 
of cecum 

Hem DG7c 

R B 0 4 800,000 
WBC 7100 
poly 69% 
lymph 24% 
mono 7% 
urine normal 

Ftcal discharge from 
abdominal wound 
cramps, vomiting 
obstipation lor 3 da 
in spite of enema 

T IC2 F PR 100 

R R 2S 

3 da 

Well developed poorly 
healed scar of right 
rectus muscle w ith 
fecal fistula in center 
tenderness and rigidity 
in right lower quad 
rant moderate disten 
tion with visible 
peristaltic waves 

Acute in 

testinal 

obstrue 

tion and 

fecal 

fistula 

Hem 100% 

R B C 5 000 006 
H B C 19 £00 
poly £9% 
lymph 6% 
mono 5% 
urioe normal 

Recurrent pains w 

Tight lower quadrant 
for past 4 mo aceom 
panied bv diarrhea 
and nau“ca T 101 F 

P R no R R 28 

3 da 

AVell del eloped tender 
ness ngiditv with 
rebound tenderness m 
right lower quadrant 

Acute 

appendi 

CltlS 

Hero BSTo 

H B C 4 £00,660 
WBC 10 SCO 
poly £6% 
lymph 14% 
urine normal 

Pams m right lower 
quadrant nausea 
and vomiting no 
previous attaek T 90 8 
F P R 88, R R 24 

3 da 

Well developed tender 
ness rigiditvwith 
Tebouad tenderness m 
right lower quadrant, 
slight distention 

Acute 

appendi 

CltlS 

Hem 

BBC aOOOOOO 

VV B C 9 200 

poly 72% 
lymph _p<yc 
mono 7% 
urine normal 
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fiom combinations of these In human patients with shock and in 
animals with e\peiinientalh induced shock theie is visible postmortem 
evidence of an increased \olume capacity of the vascular system This 
IS seen in the abnotmal dilatation of the venules and capillaiies A 
decreased volume of blood ma)'' lesult fiom loss of plasma by transuda- 
tion through capillaiy walls Evidence of this is seen m the edema 
of mucosae, m the eftusions of seium into cavities lined with seious 
membrane and pulmonai}'' alveoli and in the numeious capillaiy hemoi- 
rhages occuinng in mucous and seious sin faces and m the paienchyma 
of organs 

When capillaries aie injmed, bv whatever means, the peimeability 
of their ivalls is increased (Landis"') Injuiy to the capillaiies may 
lesult fiom a wide vaiiety of agents These include vaiious chemical 
poisons, such as meicury bichloiide, arsenical compounds, gold salts, 
alcohol and anesthetic duigs, such as baibital Histamine, peptone, prod- 
ucts of protein cleavage and extracts of various tissues cause injuiy 
to the capillaries, deficiency of owgen of model ate degiee and shoit 
duiation will cause capillaries to dilate and then peimeability to be 
increased (Krogh,-- Landis-' and others) 

When permeability of the capillaries is mci eased in extensive areas, 
the transudation of plasma through their w'alls causes edema m the 
tissues and increases the concentiation of the blood The dilated 
capillaries and venules are filled wuth msckI concentiated blood, and 
the heart is unable to maintain noimal blood pressure because of insuffi- 
cient return of blood fiom the peripheiy The heart is not a suction 
pump, It cannot draw" blood out of the tissues but can only pump the 
blood wdiich is returned to it As the circulation becomes meftective, 
lack of oxygen contributes to further capillai} atony, and the circulatory 
disturbance becomes more giave (Cannon'®) 

If lowered blood volume and hemoconcenti ation aie produced by 
plasmapheresis without injury to the capillaries the animal may letuin 
to normal spontaneously or followmig the therapeutic admimsti ation of 
fluid Fluid IS absorbed if given by mouth or by hypodermoclysis, 
and fluids injected mtiavenously are retained m the circulation In 
shock fluids are neithei absorbed nor retained Injection of them 
mto the blood merely inci eases the edema It appeals that an essential 
factor b}^ which shock develops and pi ogi esses is mci eased permeability 
of the capillaiies 

Many workers have used colloidal dyes as indicators of permeability 
of the capillaries Such dyes as tiypan blue do not pass readily through 

21 Landis, E M Phvsiol Rev 14 404, 1934 

22 Krogh, A The Anatonn and Plwsiologi' of Capillaries, ed 2, New Haven 
lale Universitv Press, 1929 
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Oui cases occurred mainly m 3 ’'oung patients, 11 m males and 6 
m females The duration of symptoms varied from a feu da>s to 
foul 3 fears before operation Avas performed 


Tabie 2 — A Summaiy of the Peisonallv Ohseivcd Cases 



Iv umber of Cases 

Age incidence 

1 to 10 years 

1 

11 to 20 years 

2 

21 to 30 years 

S 

31 to 40 years 

5 

49 years 

1 

SeY 

Males 

11 

Females 

G 

Duration of symptoms 

7 days or less 

C 

4 to 6 months 

5 

6 to 12 months 

3 

2 3 and 4% years 

3 

Abdominal pain 

Generalized 

r 

Localized m right lower quadrant 

14 

Diarrhea 

1 

Aausca 

11 

A^omitmg (2 without nausea) 

13 

Previous attacks of abdominal cramps (prior to acute attacks that caused 

hospitalization) 

10 

Loss of weight (all advanced stage) 

O 

o 

Previous operation (appendectomy complicated by fecal fistula 8 months before 

4 years before, 24 years before) 

s 

Tenderness 

17 

Spasticity (right lower part of abdomen) 

13 

Rebound tenderness 

1j 

Distention 

10 

Mass (palpable on both abdominal and rectal e\aminotion) 

2 

A^i'ible peristalsis 

2 

Fecal fistulas 

2 

Temperature 

Below 99 F 

1 

99 to 100 F 

13 

100 F or above 

O 

Pulse rate 

SO or less 

3 

SO to 100 

8 

100 to 120 

0 

Respiratory rate (no deration m any ease) 

AA'hite blood cell count and diflerentnl 

8 000 or less 


8 000 to 10 000 

i 

10 000 to 12 000 


12 000 to 14 000 


14 000 to 10 000 


16 000 to IS 000 


18 000 to 20 000 

o 

20 000 


Procedures performed 


Simple appendectomy 

/ 

One stage resection (including 2 ca«cs of fecal fistula) 


Two stage resection 



The outstanding S 3 anptoms Avere pain in the right loAier abdominal 
quadrant, nausea and Aomiting Ph 3 'Sical examination revealed abdom- 
inal tenderness m all the cases spasticity and rebound tenderness 
m 13 and distention in 10 Visible peristalsis AAas noted in 2 cases, 
a mass palpable on abdominal and rectal examination AAas encounteied 



REGIONAL ILEITIS 


HARRY ROSTER, MD 
LOUIS P KASMAN. MD 

AND 

WILLIAM SHEINFELD, MD 

BROOKLTi N 

In the past few years a number of papers dealing with the question 
of nonspecific inflammatory lesions m the gastro-intestinal tract have 
appeared Some of the papers dealt wnth the subject at length Others 
reported onl)'' a few’ cases wnth comments A great deal remains to be 
clarified, especially regarding the earl) phases of the disease More 
specific information is needed relating to (1) prognosis as to life, 
(2) incidence of recurrence even after radical surgical intervention, 
and (3) the end-results in cases of the early stages noted at operation, 
in w'hich no resection or other intestinal procedure is done Criteria 
for clinical diagnosis must be established as it becomes more obvious 
daily that the condition is not uncommon and must sureh be noted 
from time to time in the routine experience of the general prac- 
titioner He must be prepared to recognize the syndrome or at least 
the possibilities thereof He should know’ w’hat diagnostic steps to take 
in an attempt to answ’er the foregoing questions as intelligently as is 
possible With these needs in mind w’e have renewed the publications 
on intestinal granuloma, studied the reports of cases and tabulated the 
clinical facts derned therefrom To this sur\ey we ha\e added 
observations on 17 cases of our ow’ii, w'hich w’e shall discuss in greater 
detail 

From July 14, 1931 to Dec 6, 1934, we encountered 17 instances 
of a peculiar inflammatory lesion localized in the terminal portion of 
the ileum ranging in severity from the mildest t)pe of inflammatory 
process to the severest type of deformation of the w'all and lumen of 
the intestine, w’lth ulceration and in some cases, fistulas follow’ing 
perforation These cases we believe can properly be considered under 
the heading of nonspecific inflammatory disease of the intestinal tract, 
previously described by manv authors Although the lesion was recog- 
nized many years ago it is only w’lthin the last few years that interest 
in it has been stimulated by the appearance of reports of the lesion in 
the small intestine 

A synopsis of the histones of the 17 cases is given in table 1 In 
table 2, an analysis of these cases is presented 
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jnesentejjc border. wJ^ere tJie mesentery joins the serosa of the intes- 
tinal wall The serosa is a mottled red The inesenter}^ is markedly 
thickened, and its glands are Ityperplastic The microscopic appearance 
of the early lesion as determined by biopsy (fig 1), is that of subacute 
nonspecific inflammation with beginning muscular hypertrophy From 
a study of the various specimens encountered, the following deductions 
are made The lesion is progressive In the earliest stages it is 
present in the region of the ileocecal valve, from which tliere is exten- 



Fig 1 (case 16) — Section of a biopsj specimen, showing subacute inflammation 
vith fibrosis and hjpertrophj of the musculature 

Sion orall} Usuall}' oral to the mam hypertiophic mass, small otal 
ulcerations ranging from 0 5 to 1 cm in diameter, are present on the 
mesenteric surface of the ileum In the more adtanced stages ulcera- 
tions are noted throughout the entire length of the hj^pertrophic mass 
The normal intestinal folds disappear completel} Mucosal ulceration 
occuis Because of the rounding oft of the sharp edges of the remaining 
nonulcerated mucous membrane as it conierges into the surrounding 



Obsciied Patients xaith Rigtonal IhiUs 


Ob'=er\ ition'- at 
OiRr ition 

Sigmoid flewta at 

tnchPd to cecum ana 
tcniiiml ileum, "With 
multiple fl^tulouc 
tract' and 'inu'es 
cmptjmE mto one large 
tract to opining m 
abdominal lull! ileo 
colo'tonn to ascend 
ing colon 


•lppendi\ injected 
large amount of serous 
fluid, about 1 ft from 
ileocecal junction, 3 ft 
of ileum mi olred in 
infiaramatorv thicVen 
mg uitii edema of its 
mc'cntery and enlarged 
glands partial 
ob truction 

Enlarged mesenteric 
gland' mfiammaton 
ma" of ileum, cecum 
and omentum with ap 
pcndit normal but ad 
hcrent to congested, 
tlirekened ileum, 
perforation of 
ileum near ileocecal 
junction walled off bv 
otnentuHi, with almost 
complete obstruction 

Free 'crons fluid m ab 
domen appendix con 
gc'tcd and adherent to 
raa's consisting of 
iKum cecum, Tight tube 
and 01 ary, omentum 
terminal ileum enlarged 


Surgic il 
Procedure 

Sigmoid scpnrntid 
from ecemn opening 
m sigmoid closed bi 
purse string suture, 
entire ikocccal region 
excised, including fis 
tulons tracts and mes 
enterj 3 layered clo'ure 
of open ends of intcs 
tine, cigaret drain 
to abdomen 

Resection of inx oli ed 
ileum including its 
mesentery and glands, 
with an end to end 
ileo ileostomy smears 
for culture taXen 
from abdomen, 
no drninagL 


Resection of tcrnimal 
9 in of ileuni and 
cecum, including 
enlarged gland', u ith 
side-to side ilcocolos 
tomy to ascending 
colon, no drainage 


Resection of terminal 
W m of ilcum and 
cecum with end to side 
ileocolostomy to 
a'cending colon 
cigaret drain inserted 
to abdomen 


Pathologic 

Reports 

Chrome nicer 
nting ikitis 
of nonapiciffc 
mflammaton 
origin tuber 
eulo'is defi 
niteh ruled 
out 


Postopcratiie 

Course 


Dis Present 

charge Status 


Dram reinoxcd 
on fifth dai 
*=uture's removed 
on eighth day, 
uneventful 
rccoi ere 


S/ol/31 ll/SO/31 eet 
1101b , bowel 
moeement 
regular no 
complaint 


Chrome 
noii'pccific 
mflaenmation 
of iKiiin 
culturis of 
abdominal 
fluid negtmec 


Suture' retnoeed 
on < ighth due 
uucxentful 
rccoe crj 


7/19/32 


12/3/"4 no 
eomplauit 
bowel move 
ment daily 
gam of lb lb 


Chronic 
nouspecifle 
inflammation 
of ilcum with 
supcrimpo ed 
subacute 
ulcerating 
lesions 


Suture' rtmoicd 
on sciinth dav 
unoi entfut 
rccoi cn 


‘ 1 / 17/31 10 11 „1 no 
complaint 
X rays showed 
well function 
mg stoma 
wt 1221b 


Chronic 
nonspecific 
inflammation 
of ileum with 
stcnosi' of 
ileocecal 
i alie 


Briin niiioud 
on fifth day 
sutures renioicd 
on 'cyenth day 
luieventful 
recox cry 


9 '2b 32 lOiSlh-l hoxvel 
movement 
regular no 
complttint 
\ rays showed 
good stoma 
gam of 10 lb 


Free 'erous fluid, ap 
(lendix coDge'ted term 
inal 12 in of ileum 
inflamed 'lightly tbicX 
cned, With edema of 
mc'cntery and enlarged 
gland' no obstruction 


Farge amount c 
licmorrh igic flu 
jcclcd appendix 
orthagsc marXi 
thickened, 11 m 
ilcum, beginnini 
i5cocccai 3 
uieseatcry 
eduiiatoii', gia 
enlarged 


''light amount < 
'erou'fiii,,! inf 
lion and 'light ' 
f/dng of about 
I'mm about l f 
Ileocecal junctii 
tiioiier ite edein 
ndarted glund' 
mt xiunity of' 
'"'ohcdlltiim 

Moderate anioi 

‘Mou'fli,,,) m 

Wifi 

tloi! of termini 
olHciim ilcow 
UaiuK enlarge 
inflamed 

''eond i ipt 
'j'hng 'nine 

' Oflioidng lU 
'olit 'tom I 


Appendectomy m'er 
tion of cigaret dram 
into abdomen because 
of large amount of 
fluid one mesenteric 
gland removed for 
biop'y 

Resection of involved 
ileum, lucluding its 
me'cntory and glands, 
XVI th end to end ileo 
ileostomy, appendcc 
tomy, no drainage 


Appendectomy excis 
ion of one mesenteric 
gland for biopsy , 
no drainage 


^o lesion of 

Drain remox ed 

n 23/32 

II/I3/31 no 

appendix acute 

on filth diiv 

complaint 

nonspecific 

sutures reinoxcd 


bowel moxc 

inflammation 

on eighth dax 


ment regular, 

of lymph node 

uncx entful 
recoverv 


gam of 11 Ib 

>0 lesion of ap 

Sutures removed 

12/3/S2 

11110/34 bowel 

pendix chronic 

on sexenth dax 

movement 

nonspecific 

uncx entful 


regular no 

ilcitis, with 

rccox ery 


complaint 

supenmpo'Cd 
acute purulent 
inflammation 



gam of 21 lb 

areas of necrosis 



and ulceration 




Chronic 

Suture' remox ed 

S 12/33 

12/ 0/,5 no 

appendicitis 

on 'ivcnth dav 

eointiiamt 

chronic 

unexentfiil 


bowel move 

nonspecific 

inflammation 

recox ery 


ment regular 
gam of 11 ib 

of lx inph node 




Ileocolostomy of ileum 
2% ft from ileocecal 
valve to transverse 
colon no drainage 
(ll/S/SS) 


Chrome 
nonspecific 
ilcitis xrith 
marked bvpcr 
trophy of the 
iuu'cexlatx,ie 


Sutures remox ed 11/2G/33 
on seventh daj 
unexentfiil 
recox cry 


n/SO/31 bowel 
movement 
regular no 
complaint 
gam of IS lb 


Rc'cction of tennin xl 
la m of ileum, cecum 
and half of ascending 
colon, with closure of 
open ends, no drainage 
(U/11/S31 


Sutures removed 
on eighth day 
uneventful 
recox erv 


Comment 

AVcight at discharge, 
116 lb operation 
subscquentlx for 
ischiorectal fistula 
with good result 


Acute symptoms due 
to ob'tTuction 
caused b\ the 
stenosing lesion 


AVtight at discharge, 
102 lb , this case 
typifies ulcerating 
nature of lesion 


Acute 'X mptoms due 
to obstruction at 
Ileocecal valxc 


Farlv 'tag? of 
regional iloili= with 
acute sx mptoms 


tlcerating stage of 
regional ileitis 
provoking marked 
peritoneal reaction 


Early 'tage of 
regional ileitis high 
voltage roentgen 
therapy to abdomen 
in 2 doses one xveek 
after iiavmg 
hospital 


Two stage resection 
performed because 
of acute obstruction 
ind patient s gen 
eral condition 
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are seen in tins section, whereas active peristalsis can be seen elsenhere 
The mucosa] ulcerations finally dimmish in number, being replaced by 
an atrophic condition and a more marked stage of the polypoid hyper- 
plasia previously described Small tubercle-like structures develop on 
the serosal surface 

Perforation was seen in 2 cases in our series In the first case the 
perforation was verj'^ extensive, involving several parts of the bowel 



Fig 3 (case 15) — Low power magnification of the cross-section at (A) in 
figure 2, showing marked encroachment of the thickened wall on the lumen The 
membrane is absent in places as a result of ulceration, at other points it seems 
poh poid 

at one time, the ileum, the cecum and the sigmoid flexure being involved 
In the second case, onl} the ileum was involved In both cases the 
perforation was of the chronic A'arietj' We know of no case in which 
a free perforation m the peiitoneal cavity was encountered in the acute 



Obscivcd Patunis imth Regional Ilcihs- 


-Coiilinucd 


Observation' at 
Operation 

Mipcndi\ injected 
'tifcUt amount of serous 
fiiiui, terminal 5 m of 
ileum raflamcd 'lighth 
tliictencd, uith enlarfecd 
inllamcd glands at 
ikocecnl angle 
\ppcndi\ injected and 
adlierent scrohemor 
rhagic fluid tcnnmnl 
IS m of ileum inflamed, 
thickened with ob'truc 
tloii at Ileocecal 
valve enlarged 
mesenteric glands 

ait'cntcrie glands sup 
puratmg and walled off 
bv omentum and 'mall 
intestine, w ith necrosis 
and ulceration of 
mv ohed Ileum 

Ippcndix injected 
moderate 'erous fluid, 
terminal 4 m of ileum 
inflamed, thickened, 
with stenosis of ileo 
cecal valve and marked 
enlargement of 
nietcnteric glands 

Appendix injected 
slight amount of serous 
fluid teniiina! 1’ m of 
ifciiiii mfinnicd 'Iightlj 
tUickcncd, with edema 
of the mc'cntcrj and 
enlarged glands 

AppendiMnflamcd, free 
serous fluid, terminal 
5 in of ikiim inflamed 
siightlj thickened, with 
edema of mesenterj 
and enlarged gl inds 

lerniina! 2 ft of ileum 
loflnined with verj 
thick walls and obstiue 
tion to ileocecal valve, 
ceieiiia of nicsenten 
with enlarged glands 
iiioileratc amount of 

'crons fimn 

Ulceration and necrosis 
of wall of ileum, iiits 
enteric glands begin 
umg to suppurate 


Surgical 

Procedure 

Appcndcctomv c\cis 
ion of mesenteric 
gland for biop'v , 
no drainage 


Ilcocolostomv of ileimi 
u ft from ileocecal 
vahetotrausverst 
colon no drainage 
a/is/o4) 


Resection of tcrnimal 
lb m of ileum, cecum 
and ascending colon, 
including suppurative 
glands, vvitii closure of 
open end', cigarct 
driin inserted (2/1A/3A) 

Resection of terniina! 

1 ft of ileum, cecum 
and portion of ascend 
mg colon, with ileo 
colostoniv to trans 
verse colon, no 
drainage 

Appendectoiuv mesen 
tone gland excised 
for biopsi 


Appendectoiuv nnd 
culture of nbdommal 
fluid 


P ithologic 
Reports 

Ivo lesion oi 
appendix leiitc 
nonspetifie 
infliumniition 
of Ijmph node 


Siilincutc non 
speeifie llcitK 
with uleirii 
tion chronic 
ohliteriiti'e 
appenciicltis 


Postoperative 

Course 

Sntviies vcmovcil 
on seventh dsj , 
iinevcntfuJ 
recovers 


Dis 

charge 

12/^133 


Sutures remov ed 
on eighth diij , 
collection 
evnciiattel from 
vvoimei on tenth 
<fnj 


2/ 1/34 


Present 

Status 

n/2S/34 bowel 
movement 
regular no 
complaint 
gam of 1 .) lb 


11/30/34 bowel 
mov cnient 
tegular, no 
complaint 
gam of 20 lb 
X rnvs shontd 
good stroma 


Diam removed S/in/Sl 
on eleventh dav , 
wound healed 
slowlv and dtained 
for 4 wk 


Subacute 
nonsiiecific 
ileitis, with 
iileenition and 
stenosis 


Sutures remov td 
on seventh elnv , 
uneventful 
reeoveri 


3/27/34 10/30/34 bowel 
movement 
regular no 
complaint 
gam of 11 lb 


Comment 

Enrlj stage of 
regional ileitis with 
acute sj mptoms 2 
treatments with 
roentgen rajs while 
in the hospital 

'Iwo stage resection 
deemed ndv isnblo m 
the face of acute 
obstruction patient 
sent home after the 
first stage to get her 
m better stiupe for 
the second opera 
tion, but bceiuisc of 
marked progression 
of the disease 
brought Intk sooner 
than planned 


Patient s good gen 
crnl condition and 
j outh fav ored a 
complete operation 
in one stage 


Chronic right pul 

oblittrating monnrj mfnrct 

appondieitis on fifth dav, 

aeutc nonspecific cle ired up on 
vnaavvvvpatvon ckxeiiUvdax 

of Ivmph node mums removed 
on stventh dnj 


3/12/34 n/10/34 bowel 
mov cment 
regular no 
lomplnint 
gam ot 6 lb 


Enrlv stag! of 
regional ileitis with 
acute SJ mptoms 


Subacute 

appcndieitts, 

culture 

negative 


'lermmal 10 m of dcum 
inflamed and 
thickened with complete 
otelusion of ileocecal 
J Hire, free sotou' fluid, 
flsfwloiis tract extend 
mp from stump of np 
IHnilix to anterior 
n aionimnlvvaU marked 

cm! proximal 

end of sniiiji intestine 

w^'^W^PSestwl 

e Willi, Win ofilMiTO 
thick 

ra, ^rce scrohemor 
awk!e8Hi(i,u, til edema 

of llicscutcjj 

ul'n''’"’*,' congested 

fe'' Odd somewhat 
jwiikeited evieiiiaof 

k imiv no obstruction 
’'!^'**-rsleai"outoi ’ 

'iroiw fluid 


Ilcoeolostoniy through Subacute 

right rectus incision nonspecific 

between neiim 3 ft ileiti', with 

from ileocecal junction uletration 

to trnnsv erse colon 
no drainage 10/21/34) 


Ihrough incison in right 
kidnej, resection of 2 ft 
of terminal ileum, cccum 
and poTtiOB of as 
ccnding colon cigaret 
dt un U0/A/3A) 

Blood transfusion 10/14/34 

Fistulous tract excised 
circumfcrcntinlh down 
to cecum rc'ettion of 
terminal 14 in of ileum, 
eccum and half of as 
cendmg colon, with lico 
eolostoinv between 
ileum 214 ft from ilco 
cecal junction to trans 
V erse colon, Witzcl enter 
ostomy about Sin 
proximal to anasto 
mosis no drainage 

Vppendcctomj and 
biopsj of ileum 


buturis nmovid 
on fcventh daj 
uneventful 
rtcovcrv 


Suturis rmiovid 
on eighth dav 
uneventful 
rtcovirj 


Infection of 
wound with 
fascial slough 


S/1 1/34 12/10/34 bowel Earlj “tage of 

moveroent regional ileitis with 

regular, no acute sj mptoms 

complaint gain 

of 5 lb xrnrs showed 

slight narrowing of 

terminal ileum 


Died 

K!/la/>4 


Collection elcv eloped 
m lumbar wound 
whah was opened 
anel driiineel condi 
tion seemed to pro 
gross sntisfaetorilj 
until 10/14/34 when 
aniirn developed, 
which rnpiellv 
advanetd to uremia 
and death 


Chronic 
nonspecific 
ileitis with 
superimposed 
acute vvlecia 
tions complete 
occlusion of 
ileocecal lumen 


Appendectomv nnd 
blop'v of Ileum 


Subncvito 

nonspecific 

ileitis, with 

museol ir 

hjpcrtrophj 

chronic 

appendicitis 

Acute 

nonspecific 
ilcitis chron c 
appendicitis 


Enterostoiiiv 
tube removed 
on seventh dav 
sutures removed 
on eighth dav 
uneventful 
rceov er J 


fevitures remov ed 
on seventh daj 
einev entful 
lecov er J 


''Uturcs reinov ed 
on eighth daj , 
uneventful 
rceov erj 


10/29/ i4 


12/13/34 bowel 
mov cnient 
regular no 
compl imt 
gam of 9 ib 


n/18/34 


1/10/33 


12/13/SS bowel 
mov cment 
regular no 
complaint 
gam of 4 ib 


2/2/33 bowel 
mov cment 
regular no 
CO 111 pi amt 
gam of 12 lb 


Operation performed 
m one st ige in spite 
of acute obstruc 
tion because of 
patient’s good gen 
erai condition. 

At itzel enterostomy 
assured success of 
the procedure 


Fatlv stage of 
regional ilcitis with 
acute SJ mptoms 


Farlj stage of 
regional ilutis with 
acute sv mptoms 
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times only the surface epithelium is destroyed There is a marked 
infiltration with polymorphonuclear cells, Ijmphocytes, plasma cells and 
fibroblasts In some cases, foreign body giant cells are noted in con- 
siderable quantities, as a result of an inflammatory reaction around 
inclusion particles of foreign matter in the depth of the ulcers The 
histologic observation of these cells plus the appearance on the serosa 
of small elevations discretely placed, simulating tubercles, is probably 
responsible for the classification of a great many of the cases in previous 
reports as instances of tubeiculosis of the intestines 



Fig- 5 (case 15) — High power magnification, showing the nodular form of 
cellular infiltration, with giant cells within the musculature 

KOENTGEN OBSERVATIONS 

Satisfactory loentgen examination of the ileum may be accomplished 
m tuo ways One is by giving a barium sulfate meal early in the day 
and observing its pi ogress frequently from the fifth until the ninth 
hour The best results are obtained by following the progress of the 
meal fluoroscopicalh , with manual manipulation under the screen, and 
making roentgenograms at the times best indicated bj the fluoroscopic 
examination The other method is the giving of a barium sulfate enema 
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in 2 cases The details of temperature pulse rate and Aanations in 
the \\ lute blood cell count are gn en in table 1 In 7 cases simple appen- 
dectoni} \\as performed, in 7, a one stage resection and in 3 a t^\o 
stage resection In all the cases but 1 there A\as a fairh consistent 
relationship betA\een the extent of the lesion and the duration of 
s} inptoms 

Chmcalh, the condition can be duided into three stages The first 
stage IS characterized b} a mild acute inflammation of the nail nith 
edema noticeable, particular!} at the mesenteric border of the intestine 
The second stage is one in nhich the ulceration and the deposition of 
fibrous tissue in the nail liaAe progressed to such a degree that resti- 
tution to normal is not possible ith a continuation of the inflam- 
inator} process, either stenosis or perforation or perhaps both occur 
and radical surgical interiention becomes ineMtable The third stage 
consists of second stage pathologic imohement presented tor treatment 
either during the phase of acute obstruction or perioration or after a 
fistula has deA eloped 

In the first stage the s} inptoms are those of acute appendicitis 
There is a histor} of pain in the loner portion of the abdomen localized 
to the right side nith nausea, Aomiting and some elevation of tem- 
perature Examination re\eals a nell nourished person, usualh nith 
tenderness and rigidity localized to the right loner quadrant and with 
lebound tenderness In the second stage the usual diagnosis from the 
s} inptoms points toward an acute intestinal obstruction associated with 
an inflammatoiy process in the right loner quadrant There is a his- 
tory of preMous constipation or diarrhea and preMous attacks of pain 
in the right loner quadrant referable to lesser degrees of partial 
obstiuction During the acute attack of obstruction there are obstipa- 
tion nausea vomiting rapid pulse a slight rise in temperature and 
leukocytosis On examination the patient usualh appears to be acuteh 
ill and besides tenderness and rigidit} in the right loner quadrant 
there is some degree of distention Peristalsis iiiai be visible abdoni- 
inalh , and a tumor may be palpable in the right Ion er quadrant 
In the third stage the patient usuall} has a fecal or intestinal fistula 
as a result of or following prcMous appendectoni} with some loss of 
weight general weakness and abdominal cramps Examination usually 
rereals one or more abdominal scars of preMous operation with a 
fecal fistula 

PA.THOLOGIC PICTLKE 

3 he appearance of the intestine in the earh stage is that of a soggr 
edematous mass which has a feeling that can be likened to that of 
sponge rubber The mesenterr is similarlv iirvohed When squeezed 
the intestine is almost crepitant The edema is best a isible at the 
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summaiy of the cases in which cure resulted Table 5 is a summary 
of the cases m which death occurred either immediately or within the 
next few months after operation In addition to the tabulated cases 
theie were 4 in which neither cure noi death had occurred at the time 
the repoit was made The data are given in table 6 


Table 3 — Site of the Lesion in 126 Cases Repotted in the Liteiatine 



Xumber of 


Site 

Casts 

Author 

Termiml portion of ileum 

IS 

Coffen (JAMA 8 j 1303 [Oct 24] 1925), Crohn, 
Ginsburg and Oppenlieimer Clute * HocLej ^ Har 
ns, Bell and Brunn 4 Colp s Crohn ” Mock - Frd 
mann and Burt Homans and Hass Ladd " Bissell 
(Ann Surg ‘IB 957, 1934) Williams (Virginia M 
Monthly CO 728, 1934) DeCourcy,^ Jackman 

Cushaaaj (Illinois M J 66 525, 1934) 

Moschcoavitz and Wilenskj Eggers Peterson 

Broavn, Bargen and Weber Lonen (Deutsche Ztsehr 
f Chir lAO-221, 1914), Xorte (Arch f klin Chir 
118 138 1921) 

Ascending colon nnd ctcuin 

13 

Sigmoid flexure 

10 

Proust a Mojnihan (Edinburgh M J 21 228, 1907) 
Robson (Brit Mil 425, 1908), DalzicI (Brit M J 
2 1068, 1913) Monserrat (Brit M J 2 Cj, 1907) 
Braun >•> 

Cecum 

S 

Jeffries (J M A South Africa 2 184, 1928) Mock " 
Ncmilov (Arch f khn Chir 153 346, 1928) Eorte, 
Tietzo (Ergebn d Chir u Orthop 12 211 1920) 

Cecum and terminal portion 

9 

Dalzel Moschconitz and Wilensky Mock,® Erdmann 

of the Ileum 


and Burt,®* Gordon Broaan Bargtn and Weber,®® 

Cushavaj 

Jejunum 

7 

Dalziel Harris, Bell and Brunn “ Brown, Bargen and 
Weber ®9 

A'cending colon cecum and 

4 

Erdmann and Burt Crohn “ Donchess and Warren 

termiml portion of ileum 


(Arch Path 18 22 [Julj] 1034), Rorte 

Middle portion of the ileum 

3 

Dalziel 

Transverse colon 

3 

Mojnihan Dalziel Robson 

Ascending colon 

1 

Robson Moschcowitz and Wilenskj ®® 

Stomach 

3 

Mock® 

Fntire small intestine 

2 

Dalziel 

Entire lower portion of the 

1 

Crohn ® 

small intestine 

Jejunum and ileum 

3 

Ladd " Corn and Boccl Schapiro (J Mt Sinai Hoop 

1 121 [Sept ] 1934) 

Omentum and secondary in 

2 

Proust,® Mock ® 

testmal involvement 

Splenic flexure and small in 

1 

Robson 

tcstine 

Splenic flexure and stomach 

1 

Mock ® 

Splenic flexure 

1 

Moschconitz and Miicnskj ®® 

Transa erse colon and splenic 

1 

Moynihan 

flexure 

Hepatic flexure 

1 

Mock ® 

Hepatic flexure and ascend 

1 

Mock = 

mg colon 

Cecum and ileocolic a alve 

1 

Golob (M T & Rcc 135 390 1932) 


A study of the aforementioned tables re\eals the following facts 
The general mortality was 14 per cent Of the 65 cases m which resec- 
tion was performed there was recurrence of the original lesion in spite 
of radical resection in 10, or 15 per cent In 6 of these a second opera- 
tion resulted m cure, in 3 there uas a fatal outcome after a second 
operation, and m 1 of the 10 further surgical procedure had not been 
carried out at the time of the report Simple side-tracking operations 
were performed in 15 cases and resulted in cure in 13 cases, m death 
111 1 case and in persistent external fistula in 1 case In 8 cases the 
earh form of the lesion was encountered, and although no intestinal 
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ulceiations, tlieie is foimed a hobnail appeal ance of the mucosa, which 
in its exaggerated form looks like polyposis As the lesion imolves 
the ileocecal valve, this becomes hypei plastic, iigid and unyielding, 
finally developing into a stenotic membiane The lesion is not confined 
to the mucosa In the inusculaiis theie is an mflammatoij piocess 
accompanied b} Inperplasia and fibrosis In the earhei stages of the 
piocess the wall becomes markedly thickened, so that its diameter is 
seveial tunes the normal, as a result not only of h3^peiplasia but also of 
edema Thus, the transverse diametei of the wall of the intestine at 
this tune is much gieatei than noimal Simultaneously, howevei, the 
lumen of the bowel becomes smallei, and m extreme forms it mar 
become almost completely obhteiated (figs 2 to 5) Befoie the derel- 



Fig 2 (case IS) — Specimen hardened and shrunken in solution of formalde- 
Inde, showing (A) tremendous thickening of the intestinal wall in cross-section 
at the expense of the lumen, causing clinical acute obstruction, and (B) the area 
bejond the lesion, with normal mucous membrane and lumen 

opment of the stenotic stage, that poition of the intestine which is 
proximal to the lesion is considerabl} smallei in caliber than the aftected 
loop \Vhen the stenotic stage develops instead of being smaller m 
diameter the pioximal portion of the intestine becomes laiger as a result 
of dilatation accompanying the obstiuction As the lesion progi esses, 
the conti action of the fibious tissue deposited m the rvall during the 
stage of inflammation becomes manifest The tiansreise diameter of 
the intestine becomes less than formeih, and the whole piocess assumes 
tlie appeal ance of a itibber hose The appearance is characteristic at 
operation and eren on roentgen examination no peiistaltic morements 




Table 4 — Cases in the Litciatuie m Which Sin gical Intel vcntton Caused a Cine 

— Continued 


Avithort- 

Cise 

ISo 

Site of Lesion 

Surgical Procedure 

Crohn “ 

59 

Terminal portion of ileum 

(1) Appendectomy folloiied bj progression 


CO 

Ascending colon 

Hepatic flexure 

Sigmoid 

Terminal portion of ilcum 

of symptoms 

Multiple resections 

Bcsection 


ei 

Terminal portion of ileum 

Bcsection 

Broun, Birgen 

62 to 

Ileum 

Side tracking (3), resection (4) (1 or 2 

and Weber i** 

6S 


stages) 


69 

Jejunum 

Side tracking 

DeCourej “ 

70 to 
75 

70 

Terminal portion of ileum 

Side tracking (1) resection (5) (1 or 2 
stages) 

No intestinal operation (appendectomy) 

Donchess and 

77 

Cecum 1 

1 

Warren 


Ascending colon ; 

[ Bcsection 

Jackman 

7S 

Terminal portion of ileum J 
Terminal portion of ilcum 

1 

Bcsection 


79 

Terminal portion of ilcum 

Bescction 

Schapiio 

80 

Terminal portion of jeju 

Bcsection 

Cu=hivay 

81 

num and upper portion 
of ileum 

Terminal portion of ilcum 

Bcsection 


S2 

and cecum 

Terrain il portion of ileum 

Bcsection 


* BeferencQ to authors not mentioned in the text mil be found in table 3 


proceduie was instituted, cuie resulted (Proust,^ Mock, - Rockey,® 
Clute,* DeCouicy'’) In 6 other cases in which the early stage was 
obseived at the primary operation and no intestinal procedure was 
instituted, there was marked progression of the intestinal disease, neces- 
sitating further operation In this gioup subsequent lesection resulted 
in cures in 4 cases, death m 1 case and inti actable fistula in 1 case (Har- 
iis. Bell and Biiinn,® Ladd,^ Colp,® Crohn,® Peterson,^® Coir and 
Boeck 

1 Proust, M R Tumeur para-intestinale [Rapport par Le;ars], Bull et 
mem Soc de chir de Pans 33 1158, 1907 

2 Mock, H E Infective Granuloma, Surg, Gjmec & Obst 52 672 (March) 

1931 

3 Rockey, E W Thickening of Terminal Ileum with Mesenteric Adenitis 
m Children, Northwest Med 32 145 (April) 1933 

4 Clute, H M Regional Ileitis, S Clin North America 13 561 (June) 

1933 

5 DeCourej, J L Terminal Ileitis Simulating Acute Appendicitis (Case 
Report), J Med 15 216 (June) 1934 

6 Harris, F I , Bell, G H , and Brunn, H Chronic Cicatrizing Enteritis 
Regional Ileitis (Crohn), Surg, Gjnec & Obst 57 637 (Nov) 1933 

7 Ladd, William, in discussion on Homans and Hass 

8 Colp, R Case of Nonspecific Granuloma of Terminal Ileum and Cecum, 
S Clin North America 14 443 (April) 1934 

9 Crohn, B B Broadening Conception of Regional Ileitis, Am J Digest 
Dis & Nutrition 1 97 (April) 1934 

10 Peterson, E Non-Specific Granuloma of Ileum, Ann Surg 97 130 (Jan ) 
1933 

11 Corr, P, and Boeck, W C Chronic Ulcerative Enteritis (Regional 
Ileitisl, Am J Digest Dis & Nutrition 1 161 (May) 1934 
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stage Appaiently the tendency towaid peifoiation is counteracted by 
adhesions to neighboiing visceia, the omentum oi the paiietal peiito- 
neum, so that when ulceiation occuis thiough all the coats of the small 
intestine, the dischaige of the intestinal content is either into some 
othei oigan or out on the surface, but not into the fiee peritoneal 
cavity Occasionally the perfoiation occurs into a walled-off aiea 
within the peiitoneal cant} and results in an abscess, which as a rule 
IS consideied to have arisen fioni an appendiculai inflammation When 
such an abscess is drained subsequently, whether the appendix is 



Fig 4 (case 15) — Section showing ulceration of the mucosa and cellular infil- 
tration of the wall 


removed or not, it gives use to a chronic fistula, which cannot be closed 
by a simple method because of the undei lying inflammatory disease 
of the intestine 

Microscopically, the sections show various degrees of acute subacute 
and chronic inflammatory change throughout the wall of the intestine, 
pai ticularly m the mucosa, where there is also marked destruction of 
an iiiegular type In some instances the entire mucosa is gone, at other 
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this that extensive involvement, lecurrence of the lesion and jejunal 
in\ olvement aie unfavorable factois as far as piognosis as to life is 
concerned 

A review of the leports of cases in which cuie occuired revealed 
54 instances of radical resection and 13 instances of side-tracking opera- 
tions There were 8 cases in which an early lesion was encountered 
in which surgical proceduie was not performed on the intestine 

Following the publication of the paper of Crohn, Ginsburg and 
Oppenheimer in 1932, a fair numbei of isolated cases, in groups of 
1, 2 or 3, were reported in which the lesion in the terminal poition of 
the ileum was described and the condition was consideied a definite 
disease entity (Crohn Ginzburg and Oppenheimer , Clute,'* Jack- 
man,^® Colp®) However, other papers soon appeared in which the 
authors expressed the opinion that the disease in the terminal poition 
of the ileum was not especially different from similar inflammatory 
involvement of other portions of the intestine (Homans and Hass,’’’ 


Table 6 — Cases in the Litciatuic zvifli Jinpaovcment and Peisistcnt Fistulas oi 
Reciincnce (it/ith No Fuitliei Tlieiapv at the Time the Case 
Was Repotted) 


Author 

Case Xo 

Site 

Procedure 

Result 

Peterson 

1 

Cecum ascending colon 

Side tracking 

Persistent 

fistula 

Homans and Hass 

2 

Terminal portion of ileum 

Resection 

Recurrent 


a 

Terminal portion of ileum 

Resection 

Improtement 

Ladd " 

4 

Loner portion of jejunum 
and terminal portion 
of Ileum 

Multiple resections 

Improvement 


Hams, Bell and Brunn, Ciohn**) The similarity of the lesion as it 
IS desciibed by various pathologists, regardless of the poition of the 
intestine involved, and the clinical course in the cases cited in the litei- 
atuie m which the pathologic process was not limited to the terminal 
portion of the ileum make us believe that the location m the terminal 
portion IS merely more frequent than elsewhere but that the under- 
lying disease is the same if legarded from the point of view of 
the pathologist Clinicall}'’, the syndiomes encountered are different 
according to the location of the pathologic process Thus, the early 
stage of ileitis of the terminal portion gives the picture of irritation 
in the right longer quadrant of the abdomen associated with varying 
amounts of obstruction of the small intestine oi of varjmg degrees of 

IS Jackman, W A Localized Hjpertrophic Enteritis as Cause of Intestinal 
Obstruction, Brit J Surg 22 27 (Julj ) 1934 

19 Homans J , and Hass G Regional Ileitis Clinical Not Pathological 

Entit\, New England T Sled 209 1315 (Dec 2S) 1934 
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imdei loentgenoscopic contiol until the teimmal portion of the ileum 
IS filled to the lequued degree by leflux thiough the ileocecal valve 
The large intestine is then emptied by defecation, and the ileum remains 
filled with the contiast fluid Normally the final loop of the ileum 
rises up out of the pelvis toward the ileocecal valve In the eaily stages 
of the disease, the earliest finding m this pait of the ileum is an absence 
of rariation in the diametei of the tube, denoting a degree of rigidity 
which parallels the amount of cicatrization Segmentation and peiistal- 
sis are not noted As the process progi esses, a constant filling defect 
in this terminal portion of the ileum deielops, the extent of which 
depends, of course, on the degiee of stenosis Still later, when the 
filling defect becomes great enough, it is leplaced b} a thin, irregular 
stringy shadow caused by the very small amount of contiast medium 
which has passed through the stenotic opening This appears thiough- 
out the entile extent of the filling defect, lunning fiom the beginning 
of the lesion to its teimination With the progi ess of the stenosis, as 
low grade obstruction deielops, there is dilatation of the proximal coils 
and a lagging of the opaque meal m the ileum foi more than nine hours 
Anothei roentgenographic charactei istic is a more oi less fixed position 
of the loop, so that wheie the rigidity of the tube with lack of peiistalsis 
IS noted or wheie the stiingy tiace of barium of the stenosed ileal lesion 
is seen it remains moie oi less fixed in relatuely the same position 
on successive plates even after seveial da}S Kantor pointed out the 
loentgenologic ciiteiia for difterential diagnosis fiom a filled appendix 
the line of the right sacio-ihac synchondi osis noimal spasm of the 
ileum without oiganic circumscribed lesions tuberculoma, stenosing sai- 
coma and ileal syphilis 

REVIEW or THE LITERATURE 

Nonspecific inflammatoiy disease of the intestinal tiact has been 
known foi many rears It has been repoited as occuiimg m manr poi- 
tions of the gastio-intestmal tiact Table 3 is a compilation of leports 
on 126 cases, showing the vaiious sites of occurience of the lesion 
and guing the names of the authois Many other cases have been men- 
tioned in various papeis, but histones weie not given, so that the cases 
were unavailable for statistical stud}'’ 

Of 62 reports in which the sex was stated, the lesion occuiied in 
males 33 times and in females 29 times The incidence accoiding to 
Rge was as follows first decade, 6, second decade, 10, third decade, 12 
fomth decade, 15, fifth decade, 13, sixth decade. 6, and serenth decade, 

5 These 67 cases were collected fiom lepoits in which the age was 
stated 

In the histones of 100 of the 126 collected cases the surgical therapy 
uas clearly reported and the ultimate results weie stated Table 4 is a 
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The early lesion in many instances is spontaneously cured (in 6 cases 
in our series and in 8 in the literature) That there are many cases in 
which spontaneous cure has occurred without diagnosis oi opeiation 
seems probable Therefore, conservatism in the management of the 
early lesion is indicated The theiapeutic value of roentgen ray tieat- 
ment is a moot question, the number of cases m which it was given 
being too small to allow of conclusions (Eggers,-^ 2 cases after side- 
tracking, Peteison,^° 1 case, and ourselves, 4 ctises) On the other 
hand, in 6 cases leported m the literature there was subsequent marked 
progression, necessitating radical surgical piocedure Also, in 13 cases 
of advanced lesion a side-tiacking operation resulted m cure This 
suggests the advisability of side-tracking in cases in which the process 
has advanced beyond the very early stage (In this connection, it must 
be remembered that the personal equation is an impoitant factor in 
grading the stage of the lesion, since individual experience has not been 
very extensive ) 

With the moderately advanced lesion, the choice of proceduie lies 
between a side-tracking opeiation and resection The desirability of 
eradicating a focus in which at this stage the chance for regiession to 
normal is probably very slight faiors resection as the piocedure of 
choice If side-tracking is decided on, occlusion of the ileum proximal 
to the lesion is advisable 

In cases of the advanced stage resection is indicated Whethei it 
IS perfoimed in one or more stages depends on many factors If the 
condition is complicated by acute obstiuction, one stage resection is to 
be avoided If the obstruction is of long standing, an enterostomy is the 
best immediate proceduie This is subsequently followed by resection 
If the patient’s condition wan ants, the obstiuction ma)' be relieved by 
a side-tracking anastomosis Here, however, delay in proceeding with 
the resection is fiaught with the danger of rapid piogression of the 
lesion, neciosis and suppuiation in the mesenteiy (Braun, case 2) 
and possibly peritonitis from the perforation of such an abscess or 
even of the intestine itself The experiments on dogs with acute 
obstiuction and the clinical experience of Holm-- emphasize this point 

With complicating fistulas the resection becomes inoie difficult The 
judgment of the operator and the extent of the lesion must determine 
the amount of intestine to be lesected In our 2 cases only the small 

21 Eggers, Carl Non-Specific Granuloma of Ileum Ann Stirg 97 130 (Jan ) 
1933 

22 Holm, C E Fate of the Sidetracked Loop of Ileum Following Lateral 
'Vnastomosis for Complete, Benign Obstruction, Surg, Gvnec Obst 5G 745 
(April) 1933 



Table 4— Caiei in the Liteiatutc m Which Sutgical Intel veiition Caused a Cm 


Authors* 

Case 

No 

Site of Lesion 

Proust ^ 

1 

Colon 

2 

Sigmoid flexure 

Mojnihan 

3 

Transterse colon and 

Robson 

4 

splenic flexure 

Sigmoid flexure 


5 

Small intestine 


6 

Transverse colon 


7 

Ascending colon 


S 

Splenic flexure and small 

Dalziel 

0 

intestine 

Jejunum 


10, n 

Cecum and ileum (2 cases) 


12 

Sigmoid flexure 


13 

Transverse colon 


14 

Middle portion of ilcum 

Coffen 

15 

Terminal portion of ileum 

Moschcoii itz and 

IG 

Cecum and ileum 

tVilen'kj i'* 


17 

Cecum and ascending colon 

Jeffries 

18 

Cecum 

Mock = 

19 

Sigmoid flexure 


20 

Pyloric mass 


21 

Gastro intestinal mass 


22 

Splenic flexure and stone 


23 

Terminal portion of ileum 


24 

and cecum 

Ileum 

Golob 

23 

Cecum and cecal v alv c 

Crohn Ginzburg 

20 

Terminal portion of ileum 

and Oppen 

27 38 

Terminal portion of ileum 

helmet 

Erdmann and 

39 

Ileocecal junction 

Burt “ 

40 

Terminal portion of ileum 


41 

Cecum, ascending colon, 
terminal portion of ileum 

Terminal portion of ileum 

Clute 1 

42 


43 

(mesenteric abscess) 
Terminal portion of ileum 

Gordon 

44 

Ileocecal mass 

Eggers -r 

45 

Cecum and ascending colon 


48 

Terminal portion of ileum 


Rockey ® 

47 

1 


48 

49 

)''lerminal portion of ileum 


50 

J 

Harris Bell 
and Brunn ° 

51 

Terminal portion of ileum 

Homans and 
Hass 

52 

Terminal portion of ileum 

Ladd ■■ 

53 

Lower portion of jejunum 

Terminal portion of ileum 

Bis'ell 

54 

Terminal portion of ileum 

55 

Terminal portion of ileum 

Colp s 

IViIliaiiis 

5G 

Terminal portion of ileum 

57 

5S 

Terminal portion of ileum 
Small intestine 


Surgical Procedure 
Multiple resection 

Incision and drainage (no operation on 
intestine) 

Side tracking 


Colostoin\ 

Ilco«tom\ 

Side tracking 
Side tracking 
DouWo side tracking 


Resection 

Itjpc not stated but surgical piocedure 
fuas carried out 

J 

Multiple resection (2) (recurrent intestinal 
obstruction) 

Multiple resection (3) (recurrent intestinal 
obstruction) 

Resection 

Side tracking 

No operation on intestine 

Resection 

Resection 

Resection (multiple fecal fistula) 
Resection 

Resection 

Resection 

Resection (e\nct operation for individual 
case not gnen) 

Resection 

Resection 

Resection 

Incision and drainage of ab'cess (no 
operation on intestine) 

Side tracking 

Resection 

Side tracking (transection of small 
intestine) 

(1) side tracking (multiple operations) 
transection of small intestine 

(2) Tor obstruction by a band of adhe 
sicns 


) No intestinal operation 
( Appendectomj 

(1) Drainage for appendicitis 

(2) Resection of terminal portion of ileum 
ascending colon and cecum 

Resection 


Multiple resection 

f (1) Exploratorj laparotomy and biopsj 
i (2) Resection 
( (3) Resection 
Resection 

Multiple operations 

( 1 ) Resection (Mickulicz) 

(2) For intestinal obstruction (bands) 
Resection 

(1) Appendectomy (2) resection 
Resection 



EFFECT OF INFLAMMATION ON THE EPIPHYSES 


RAY JOHNSTON, MD 

I ONDON, CANADA 

The known and commonl}'’ descnbed infections which occiii in human 
beings at the epiphysis oi at its union with the diaphysis are as follows 

A Acute osteomyelitis 

B Chronic involvement, associated with tubeiculosis, S 3 ^phihs, undu- 
lant fever (raie) or actinomycosis (lare) 

C Gradual neciosmg lesions of bone the etiology of mIiicIi is 
disputed 

1 Kohler’s disease ot the tarsal navicular bone, 2 Freiberg’s dis- 
ease of the heads of the metatarsal bones , 3 Kienbock’s dis- 
ease of the carpal semilunar bone and many other bones, 
4 Koenig’s osteochondritis dissecans of the medial condyle of 
the femur, 5 apophysitis of the os calcis (Sever) , 6 aseptic 
necrosis of the head of the femur, the radius, the humerus or 
the distal epiph 3 ^sis of the femur, 7 Osgood -Schlatter’s disease 
of the tibial tubercle, 8 Legg’s or Calve-Perthes’ disease, 
osteochondritis juvenilis 

In this paper it would be impossible to deal with this great vanety 
of diseases about which so much has been contributed by clinicians, 
surgeons, roentgenologists and research workers of this and other 
countries , so I am limiting myself to the subject of acute osteom 3 'ehtis 

The inteiest that has been shown in the recent adjuncts to the treat- 
ment of osteomyelitis (Orr’s ^ method and Dolman’s staphylococcus 
serum - during the acute stage and the various procedures for bal- 
ancing the length of shortened extremities (Putti’s,^ Abbott’s* and 

From the Division of Orthopedic Surgery of the Department of Surger} cf 
the University of Western Ontaiio 

Read before the Section on Surgery at the Eighty-Sixth Annual Session of 
the American Medical Association, Atlantic City, N J , June 13, 1935 

1 Orr, H W Treatment of Osteomyelitis by Drainage and Rest, J Bone 
& Joint Surg 9 733, 1927 

2 Dolman, C E Staph} lococcus Antitoxic Serum m the Treatment of 
Acute Staph} lococcal Infections and Toxemias, Canad M A J 30 601 (June) 
1934 

3 Putti, V Operatue Lengthening of the Femur, Surg, Gynec &. Obst 58 
318 (Feb) 1934 

4 Abbott, L C The Operatne Lengthening of the Tibia and Fibula, J 
Bone S- Joint Surg 9 128 (Jan ) 1927 
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Fecal fistula occuired in 9 cases (Braun, Moschcowitz and ^Yllen- 
sky,^® Mock, - Eidmanu and Bmt,*"* Goidon,^® Ciohn,® Con and 
Boeck,^^ Brown, Bargen and Webei exclusive of the cases obseived 
in Mount Sinai Hospital, reported on by Crohn, Cinzburg and Oppen- 
heuner,^' who did not mention the percentage of occunence A leview 
of the fatal cases revealed the following In 3 the condition was recur- 
rent aftei previous resection , in 4 the jejunum was extensnely involved, 
and in 5 theie was extensive intestinal involvement the entire intestine 
being involved in 2 the entire lowei portion of the small intestine m 
1 and extensive poitions of the jejunum m 2 We may predicate from 


Table 5 — Cases ni ihc Litoatwc \n IP Inch Death Folloived Suigical Ft occdni c "f 


•tuthOTS* 

Case Ro 

1 Site 

Procedure 

Braun 

1 

Sigmoid fioMirc 

Multiple resection (recurrent) 

Dalziel 

2 

B hole intestine 

Ro operation on intestine 


3 

Whole intestine 

Ro operation on intestine 

Mosclicovritz and V ilen=Lj 

13 4 

A'ccnding colon and small 
intestine 

Multiple reecction (recurrent) 
resection 

MoeX = 

D 

Stomach 

Resection 

Erdmann and Burt 

c 

Terminal portion of ileum 
Ascenfling colon 

Multiple resection (recurrent) 
Resection (terminal portion of 
ileum and ascending colon) 

Hams, Bell and Brunn “ 

7 

Terminal portion of ilemn 

Resection 


8 

Jejunum 

Resection 

Crohn » 

9 

Whole lower portion of 
intestine 

Resection 

Corr and Bocck n 

10 

Terminal portion of ileum 
and jejunum (c\tensu e 
inroliemcnt) 

Side trariviog (at prexious 
operation of app ) bowel 
lesion not advanced at time 
of sidetracking, extensive 
inx oh ement 

Brown, Bargen and V eber 

10 11 

Jejunum 

Procedure not stated but no 
rejection done 


12 

13 

Jejunum (extensne m 
vohement) 

Ileum 

Closure of fistula 

Cushwaj 

It 

Terminal portion of ileum 
Cecum 

Laparotomj 


* Reference to niithors not mentioned m the tiAt will be found m table 3 
1 ractor<- influencing mortality were recurrence after prcMOUs operat on (3 cases) jejunal 
invobement (I cases), and extcnsiai myohement (5 cases) 


12 Braun, H Ueber entzundliche Gescinvulste am Darm, Deutsche Ztschv 
i Chir 100 1, 1909 

13 !Moschco\\ itz, Eli, and Wilensky, A O Nonspecific Granulomata of Intes- 
tine, Am J M Sc 166 48 (Julj ) 1923 

14 Erdmann, J F , and Burt, C V Non-Specific Granuloma of Gastro- 
intestinal Tract, Surg , Gvnec & Obst 57 71 (July) 1933 

15 Gordon, Donald Non-Specific Granuloma of Ileum, Ann Surg 97 130 
(Jan) 1933 

16 Brown, P W , Bargen, J A , and Weber, H kl Regional Enteritis, 
Proc Staff Meet, Maio Clm 9 331 (May 30) 1934 

17 Crolin, B B , Ginsburg, L , and Oppenlieimer, G Regional Ileitis, J A 
Y A 99 1323 (Oct 15) 1932 
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Starr ® stressed the pi esence of a finger point of exquisite tenderness 
corresponding to the site of the epiphyseal line, and I have always found 
It a most reliable sign It is found by gentle testing m a line commencing 
above and working down toward the joint on the surface of the skin over 
the side of the extremity nearest the pathologic condition No doubt 
exists about the exquisite tenderness of this point when found, and its 
presence is a great aid in making an early diagnosis 

In addition to these local findings there are usually fever, AVith a 
tempeiatuie of fiom 102 to 103 F oi more, and increase of the pulse 



Fig 2 — Acute osteom>elitis of three days’ duration affecting the upper end 
of the right tibia of a 14 jear old boj' Note the swelling of the limb 

rate to 120 or 140 The leukocyte count is definitely increased, the num- 
ber varying in my senes from 12,000 to 55,000 per cubic millimeter 
In this senes I found that in set'eral cases the condition had been 
diagnosed rheumatic fever and treated as such even after multiple foci 
had developed The early swelling of an acute rheumatic joint and the 
fact that more than one joint is usually inA'olved in rheumatic fever 
should aid m distinguishing this condition from acute osteomyelitis 

8 Starr, Clarence L Acute Infections of Bone, in The Robert Jones Birth- 
da^ Volume, New York, Oxford UnnersiU Press, 1928, p 183 
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se^ent} of diairhea, depending on the stage of the disease Imohe- 
inent of the sigmoid flexnie piesents the pictuie characteristic of inflam- 
matory or obstrnctue disease of the large intestine A lesion of the 
jejunum or the uppei portion of the ileum gues the picture ot inflam- 
matory or obstructne disease ot the small intestine It is possible 
that the greater frequency of ileal inrohement may be due to greater 
susceptibility of, this portion of the intestinal tract to infection as is 
noted particularly m children b\ the de\elopment of mesenteric adenitis 
to a greater extent in the mesenter\ draining the terminal portion of 
the ileum than elseiihere m the intestinal tract 

Etiologv — For a theoretical discussion on etiology reference should 
be made to the papers of !Mock - and Ginzburg and Oppenheimer 
Because of the cicatrizing tendencies and the possible similanti to 
cicatrizing tendencies tound in the rectum in cases of lymphogranuloma 
inguinale, i\e carried out the Frei test mth negatue results in 4 cases 
111 i\hich resection was performed and also in 2 cases m iihich resection 
Mas not done 

DIXGXOSIS 

We should like to emphasize again the steps that must be taken 
to make the diagnosis To begin i\ith, any case m which there are 
svmptoms of inflammatori intra-abdominal disease with peritoneal irri- 
tation as well as simptoms of lariing degrees ot intestinal obstruction 
must be considered as possibly an instance of regional ileitis Long 
continued duration of symptoms is characteristic m many of these cases 
although occasionally the clinical course is short W’e stress the impor- 
tance of the roentgen findings, particularh as regards the use ot the 
barium enema The barium meal may also be used but to less ad\an- 
tage wdien the lesion is in the terminal portion of the ileum It will be 
of much greater importance if the lesion is in the upper portion of 
the intestine Serial plates must be studied to establish the diagnosis 
General constitutional symptoms characteristic of inflammation ot the 
intestinal tract such as fe^er leukoc^tosls increase in the pulse rate 
etc while present ofter little differential diagnostic aid 

TRC^TAIENT 

A reMew of the collected literature as well as of our own cases 
establishes certain guides foi therap^ 

The condition mar be subdirided into three trpes (a) the earU 
lesion (b) the moderateh adranced but not obstrnctue lesion and 
(r) the adranced stenotic or fistulous process 

20 Ginzburg L and Oppenheimer G D Non-Specific Graiiuloniata of the 
Intestines Inflaniniator\ Tuiiior-- and Strictures of the Bowel Ann Surg 98 
1046 (Dec ■) 1933 
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the diagnosis of cellulitis had been made, however, this was made after 
the infection had existed for several da)^s and peifoiation of the cortical 
bone had taken place The presence of cellulitis draws attention to the 
fact that this condition was a complication and not the cause of the 
original infection Piimary cellulitis may be distinguished by the eaily 
swelling and redness Inch it causes and also by the fact that the pain 
and toxemia are not so maiked as in acute osteomyelitis 

Acute septic arthiitis, vhich like cellulitis may be a latei complication 
of acute osteomyelitis, must also be distinguished when it occuis as a 
primary condition The mono-aiticular charactei of the lesion is a 
troublesome diagnostic point, but the inflammatoiy demonstration is 



Fig 4 — A shows the femur of a rabbit which died eighteen hours after being 
inoculated with a broth culture of Staph aureus from the patient whose femur 
IS shown in figure 3 The lower epiph\sis vas separated B shows the epipl^sis 
of the rabbit separated bj the acute inflammatory process 

limited to the articulation, and aspiiation of the joint will settle any 
question of doubt which may arise 

The histoiy of trauma may cause some doubt as to the diagnosis of 
the lesion, but the examination and the presence of feter, toxemia and 
leukoc} tosis will reveal the true nature of the lesion 

I have produced acute osteomj elitis in the long bones of j^oung rab- 
bits b) injection into the blood Acssels® of 0 5 cc of a broth culture of 

9 Kistler, Gene Sequence of Experimental Intarction of the Femur m 
Rabbits, Arch Surg 29 589 (Oct) 1934 
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intestine was lesected, the openings into the sigmoid flexure and cecum 
being closed by puise-strmg sutuies Both opeiations weie carried out 
in one stage Heie also it may be advantageous to divide the piocedure 
into two stages b}'^ a piehmmai)'^ side-tiackmg opeiation 

SUMMARY 

We have piesented an analysis of oui 17 cases of nonspecific inflam- 
mator) disease of the ileum and have analyzed the condition m 100 
cases leported by otheis Fiom this study we have made generaliza- 
tions regarding diagnosis, piognosis and theiapy 
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Fig 6 — Photomicrograph (low power) showing experimentally produced osteo- 
myelitis at the lower end of the femur in an 8 week old rabbit 



Pjo- 7 Photomicrograph (high power) showing the junction of the diaphysis 

and epiphjsis Note the acute mflammatorj reaction on the diaphjseal side of 
the epiphjseal line 
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Phemistei’s ® method) dunng the latei stages of deformity has to some 
extent obscmed the necessity foi early diagnosis and immediate adequate 
suigical tieatment as advocated by Stan ® 

The primary pathologic change of acute osteomyelitis appeals at the 
diaph)seal side of the epiphyseal cartilage, probably as an infective 
embolus, and produces a septic infarct the same as would occur in an}^ 
other tissue 

The lodging of an embolus or the collection of a group of organisms 
nr this particular location has been accounted for anatomically " by the 
aiiangement of the blood A^essels and also b}’’ the fact that the direct 
supply of blood at the site consists of terminal arteries (fig 1) 

A clinical picture is produced which nearl}’- alwa 3 ^s is acute and 
chaiacteristic The patient, more often a boy from 9 to 14 yeais of age, 
complains of acute pain near the end of one of his long bones fiequently 



1 — 4 shows the location of the earh lesion of acute osteomj elitis in rela- 
tion to the supplj of blood of the epiphyseal line B shows the rascular supplj' 
of bone (after Harris) 


the lowei end of the femui or the upper end of the tibia A histoiy of 
tiauma is sometimes present, and often a scrutinj of the aftected 
extremity leveals the site of a recently infected blister, callus or 
cutaneous rvouiid or the piesence of some recent cutaneous infection, or 
the histoiy of a lecent cold oi minor ailment may be obtained The 
extremity is held m a position of flexion, and although su elhng is not an 
eaily sign it soon appears and is best noted by a comparison with the 
opposite extremit} (fig 2) 


5 Plieniister D B Operatic e Arrestment of the Longitudinal Growth of 

Bone in the Treatment of Deformities J Bone Joint Surg 15 1 (Jan ) 1933 

6 Starr, C L Acute Hematogenous Osteonn elitis, A.rch Surg 4 567 
(Mac) 1922 

7 Hams, H A The Vascular Supple of Bone ccith Special Reference to 
the Epiplnseal Cartilage, T Anat & Phcsiol 64 1, 1930 
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tion was foi adequate diainage This, I think, accounts for the high 
peicentage of patients showing epiph 3 seal involvement and inteiference 
with giowdh, but on the othei hand m}^ conseivative type of operation 
on the acutely ill patients and on those whose disease w^as in the early 
stages accounts for the low moitahty 

P)uah and Pam reported 52 deaths in 176 cases of acute osteo- 
myelitis m which treatment was piimaiily by guttering, while I have 
tieated 73 patients with involvement of 105 bones, wuth only 1 death by 
using moie conseivative tieatment (table 2) Pyiah and Pain ended 



Fig 9 — A marked bowleg deformity in a patient who had acute osteoimehtis 
with metastases due to destruction of the medial part of the epiphyseal line of the 
upper end of the tibia and unequal growth and unsupported weight bearing 


then discussion by pointing out the necessit}'- for a more conseivative 
t 3 pe of opeiation early in the disease 

A study of this senes of cases of acute osteomyelitis and a com- 
paiison wnth the results of A^aiious methods of tieatment repoited in the 
Iiteiatuie show^s that acute osteom 3 ’^ehtis is a very grave disease The 
analysis of 262 cases with 71 deaths repoited by P 3 ^rah and Pain in 
England show'ed a moitahty of 27 1 per cent In addition, a great many 

11 Ramsa\, G \ Personal communication 
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Ho^\ever, there is an increase of synovial fluid in acute osteomyelitis 
v/hen the lesion has developed, but at this stage the infection is definitely 
in the bone and is not articulai 

In a numbei of my cases m which the inflammation involved the 
upper end of the femur, humerus, scapula, pelvis and tarsal bones. 



Fig 3 — A, an early stage of osteomyelitis of the lower end of the femur 
Roentgenograms showed no osseous changes The high riding patella suggests 
an increase of sjnovial fluid m the knee joint B, lateral view of the bone Note 
the perforation of the corte-v just aboie the epiphyseal line posteriorly C, roent- 
genogram of the bone twehe dajs later showing the misplaced drill holes and 
the inflammatory process progressing just above the epiphyseal line D, the same 
bone, showing a section of cortex removed but not near enough to the epiphjsis 
to allon free drainage There is more destruction of the lower end of the 
dnplnsis than is seen in A 



820 


ARCHH'ES OF SURGERY 


BoA\leg and knock knee caused by arrest of either the inner or the 
outei half of the epiph3^seal line of the lower end of the femur or of the 
upper end of the tibia occurred several times Remarkable improvement 

Table 1 — A Statistical Study of Acute Hcmatogcuous Osteomyelitis) Tt catcd by 
the Singical Scnicc of the Uiiizeisit\ of Western Oiitaiio (1926-1935) 


Arrest of 
Growth 
TTlth I»o 


Bones 

Xo 

of 

Aver 

nge 




3Ieta 

static 

Involve 

Epiphr 

seal 

Involve 

Arrest 

Epiphy 

FIS 

Aot 

'Poo 


Involved Cases 

Age 

Se\ 

Side 

End* 

ment 

ment 

Intact 

Traced 

Recent 

Died 

Femur 

3S 

11 5 

3127 
F 11 

R20 

L2S 

UlO 

B2S 

s 

18 

16 

3 

1 

1 

Tibia 

34 

11 

ATS! 
F S 

R20 

L14 

CIS 

L12 

4 

35 

14 

o 

o 

2 

0 

Humerus 

10 

9 

31 3 

F 4 

R 6 

L 4 

C 3 
L 7 

3 

5 

2 

T 

1 

0 

Pelvis 

6 

9 

31 3 
F 3 

R 3 

L 3 


9 

3 

2 

0 

1 

0 

Clna 

5 

10 

31 3 
F 2 

R 4 

L 1 

C 0 
L 5 

5 

3 

o 

0 

0 

0 

Os calcis 

4 

10 

31 2 
F 2 

R 1 

L 3 


s 

4 

0 

0 

0 

0 

Badius 

o 

7 5 

M 1 

F 1 

B 2 

L 2 

1 

1 

1 

0 

0 

0 

Scapula 

2 

3 

31 1 
F 1 

R 1 

L 1 


2 

1 

0 

0 

1 

0 

Clavicle 

1 

12 

F 1 

R 1 


1 

0 

1 

0 

0 

0 

Fibula 

1 

16 

31 1 

B 1 

L 1 

1 

0 

1 

0 

0 

0 

sternum 

1 

19 

31 1 

Bodv 


1 

0 

1 

0 

0 

0 

SivuU 

1 

11 

31 1 

Frontal 


1 

0 

1 

0 

0 

0 


— 



— 

— 

— 



— 

.... 

— 


Totals 

105 

9 5 

3165 
F S3 

R5S 

L 45 

rsi 

X44 

32 

50 

41 

s 

6 

1 


^ L indicates upper L, lower 


Table 2 — Analysis of the Cases Listed in Table 1 


Total number of patients 73 

Total number of bones involved 105 

Aumber of bones showing interference with growth 50* 

Aumber of bones showing no interference with growth 41 

Aumber of cases in which patient was not traced S 

Aumber of cT'C- too recent for opinion t 

Aumber of deaths 1 

Percentage of bones showing involvement of growth 55 5 


* Two bones showed longitudinal overgrowth 


has occurred in some of these cases b\ the patients wearing Thomas 
walking calipers and reheiing the site of deformit} of the strain of 
bearing weight and using a strap 
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Staphylococcus aureus, obtained from patients in the early stages of 
acute osteom 3 ^ehtis, and I haAC recovered the organism again, uncon- 
taminated, from the epiphyseodiaphyseal joint of the infected bone The 
macroscopic and microscopic examination of these specimens shon s the 
type of lesion which occurs m acute osteomyelitis caused by Staph 
aureus and has a definite bearing on the type of surgical treatment that 
should be instituted (fig 3) 

The question of the type of operation is one of great importance 
All methods consist of exposuie of the infected bone The site of the 
epiphyseal line should be located The fluoroscope is of aid m this, and 
the approximate location of the line can be marked on the surface of the 
skin The incision should extend to this line, and the epiphyseal line 
should be identified Due legaid should be paid to the integrity of the 
capsule of neighboring joints, and a consideration of the attachment of 
tendons and ligaments will serve as a guide to the exposure of the 



Fig 5 — Pure growth of Staph aureus on blood agar plates A is from the 
patient whose tibia is show n in figure 2 , B, from the rabbit 

epiphysis The periosteum should be incised m a linear direction to the 
epiphj'seal line Then the treatment of the bone itself is to be consideied 
In early cases the location of the pathologic condition is best reached 
bt' the dulling of obliquely placed holes through the cortex of the bone 
to the epiphysis (fig 8) 

Stan ® advised simple periosteal incision in cases in which pus is 
found undei the peiiosteum If no pus is found, the bone should be 
drilled or trephined obliquel}’^ to the epiphj'seal line This procedure has 
manv advantages , it is a fairly conservative procedure compared to the 
lemoval of a laige segment of the coitex or to guttering the bone or 
diaph} sectomy, and it allow s drainage Also bactenologic studies can be 
made of the fluid and debris which come from the drilled holes 

\oung patients suffering from the toxemia of acute osteoim elitis do 
not withstand seiere operations, and a comparison of the mortahtj 
among a senes of patients treated by extensne guttering as compared 
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performed at the proper point m the affected bone His insistence on the classic 
principles is most worth while If he approaches too close to the diaphjseal line 
of the epiphysis with the drill holes, perhaps it is possible to explain part of his 
large incidence of arrest m growth by damage to the diaphyseal cartilaginous cells 
in the same way that Dr Compere explained arrest of growth following fractures 
My experience with failure in growth following osteomyelitis has been more exten- 
sive than his In the cases of failure in growth Dr Johnston aid not distinguish 
between those in which he operated himself and those in which less W'ell informed 
surgeons operated 

Dr J Dewe^ Bisgard, Omaha Dr Johnston should be congratulated on 
the low mortality rate that he has had in cases of acute osteomyelitis His 
unusuaUy high incidence of disturbance in growth, I believe, can be explained 
b 3 ' the fact that he carries the operation \erv close to the epiphyseal cartilage 
and into the juxtocartilaginous portion of the diapn%sis, where longitudinal growth 
takes place However, the deformities resulting from disturbance in growth con- 
stitute rather a small price to paj'' for the very low mortality rate that he has had 
in his series of cases 

Dr ray Johx’STON', London, Canada Dr Kidner mentioned that there 
IS no doubt that those drill holes placed too close to the diaphyseal line of the 
epiphj'sis arrested growth I wished to emphasize the necessity for placing them 
there In practical cases, one does not try to go more than to the second or 
third drill hole or very far into the diaphyseal end of the bone The incidence 
of deformity in the series I presented and comparison of the mortality m this 
series with that in a series of 262 cases in England that were reported in the 
Butish Journal of Suigciv in April 1933, wherein 176 children w’lth acute osteo- 
myelitis were treated by the primary guttering operation and 52 per cent died, 
indicate, I believe, the practicality of my procedure I allow supported weight 
bearing when the pathologic process has become quiescent, and as Dr Ramsav, 
the director of our clinic, w'as trained bj the Liverpool School, vve sometimes 
persist with supported weight bearing A studv of the percentage of arrests 
of growth in the femur and the tibia in this senes would indicate that continued 
protection does not protect against epiphv seal deformitv 



JQHNSTON-INFLAMMATION and the epiphyses 817 


to a senes treated pumanty by the more conseivative drilling favors the 
conservative treatment 

The progress m a case of acute osteomyelitis is demonstrated in 
figures 5, 6, 7 and 8 A, showing vaiious changes which occur in the 
bone when the legion of the end of the diaphysis is not adequately 
di allied and emphasizing the necessity of draining the bone close to the 
epiphyseal line The mtegnty of the epiphysis is a lemarkable featuie 
and supports the idea of its having a diffeient blood supply than the 
diaphysis ‘ The fundamental piinciple of tieatment is to give early and 
adequate drainage as close to the site of mflaniination as possible, without 
injuimg the growing end of the diaphysis moie than necessaiy This 
calls foi carefully planned incision, exposure of the bone which shows ■ 



Fig 8 — A shows drill holes placed obliquely to the epiphyseal line at the 
upper end of the tibia of a 7 year old boy Two inch brads have been placed in 
the holes to afford contrast , B shows obliquely placed drill holes at the lower end 
of the tibia of thte same patient The holes would dram the cancellous bone at 
the end of the diaphysis, the site of the earlj pathologic condition of acute osteo- 
myelitis 

the location of the epiphyseal line and careful opening of the periosteum 
and cortex ot the bone without splintering or tearing the bone either 
toward the epiphysis or in the shaft The drill fulfils these obligations 
and IS always used by me in primary treatment of patients in whom the 
disease is in the early stage and those who are acutely ill All cases are 
not diagnosed early, and many patients have reported to me when the 
suppurating process had become chronic and when the immediate mdica- 

10 P\rah, L N, and Pam, A B Acute Infective Osteomjehtis A Review 
of Two Hundred and Si\tv-Two Cases, Brit J Surg 20 590 (April) 1933 
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of these sections was placed flat and roentgenographed in the superior-inferior 
plane After this, one or more jxirtions removed from the middle third of the 
specimen were fixed in Helly’s solution, i"! decalcified in 5 per cent nitric acid, 
embedded m paroxylm (ceiloiam) and stained with hematein and eosm 

DEVELOPMENT OF THE SYMPHYSIS PUBIS 

There has been a large amount of embryologic and anatomic work 
on this question ^ The investigations have been carried out m man and 
in many species of animals The results of such studies and the more 
or less accepted anatomic facts can be briefly summarired Each pubic 
bone IS derived from a center of ossification developing in caitilage 
The caitilage plates meet in the midline of the body to form the sym- 
physis pubis Anteriorly, undifferentiated mesenchyme derived from 
the anterior ligament binds the two cartilage plates This mesenchymal 


Age Gioups and Se^ Gioups Rcpi esciitcd by the Specimens Studied 




Females 


Age, I ears 

Males 

Nulliparas 

Multiparas 

Specimens 

0* 5 

4 

3 


7 

6-10 

2 

3 


5 

11 20 

6 



6 

21 30 


2 

1 

3 

31 to 

7 

3 

2 

12 

41 50 

7 

2 

3 

12 

5160 

S 

7 

4 

19 

61 70 

5 

2 

2 

9 

7130 

2 



2 


tissue can be transformed into hyaline cartilage, m fact, this regularly 
occurs in some animals In adult rats, however, there is no intervening 
tissue 111 the midline between the cartilaginous elements of the pubic 

la Helly’s solution consists of potassium bichromate, 2 5 Gm , mercury 
bichloride, 5 Gm , and water, 100 cc Add to 90 cc of this solution 10 cc of a 
40 per cent solution of neutral formaldehyde solution, U S P , just prior to the 
fixation of the tissues 

2 Barlmv, M Peculiarities of the Pelvis in the Cow Month J M Sc 
18 83, 1854 Humphry, G M A Treatise on the Human Skeleton, Cambridge, 
Macmillan & Co , 1858 Flower, W H Osteology of the Mammalia London, 
Macmillan & Co , 1885 Bardeen, C Studies of the Development of the Human 
Skeleton, Am J Anat 4 265 (May) 1904-1905 Franz, K Zur Entwicklung 
des knochernen Beckens nach der Geburt, Beitr z Geburtsh u Gynak 13 12, 
1908-1909 Adair, F L The Ossification Centers of the Foetal Pelvis, Am J 
Obst & Gjnec 78 175 (Aug) 1918 Borland, WAN, and Hubenj, M J 
The X-Ray m Embrj'ology and Obstetrics, London, Henry Kimpton, 1926 
Dawson, A B Further Studies on the Epiphjses of the Albino Rat Skeleton, 
with Special Reference to the Vertebral Column, Ribs, Sternum and Girdles, Anat 
Rec 34 351 (Feb ) 1927 
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patients go on for long periods of time with chioiiic dischaiging sinuses 
and acqniie vaiious degiees of lardaceous disease, and many are left 
with peimanently damaged epiphyseal caitilage. which causes unequal 
length of extremities and vaiious angulai deformities such as bowleg 
and knock knee (figs 8B, 9 and 10) 

Phemister ® drew attention to the effect of mjmy and mflamniation 
on the epiphysis and to the A'arious defoimities which may result He 
advised operative arrest of the epiphyseal giowth to balance the length 
of unequal extiemities and to cure angulai deformities at joints caused 
by unequal giowth 



Fig 10 — A marked knock knee deformitj in a patient with a late stage of 
osteomyelitis of the upper end of the tibia, due to destruction of the lateral portion 
of the epiphyseal line and unequal growth 

I became interested m this type of deformity in osteomyelitis and 
have analyzed this senes of cases to ascertain m what percentage the 
epiphyseal giowth is inteifeied with by the inflammatoiy process 
(tables 1 and 2) 

I found many instances of shoitening of the femur and the tibia, one 
case of osteomyelitis of the upper end of the femur hating caused 
shoitening of the leg of inches (114 cm ) and one of the uppei end 
of the tibia having caused shoitening of 2^2 inches (6 3 cm ) 




Fig 1 — A, photomicrograph of the region of the sjmphjsis pubis in a new-born 
rat , reduced from X 80 Note the uniform plaque of hvalme cartilage which binds 
both pubic bones , a is the anterior and h the posterior ligament The latter faces 
the peritoneal cavit}^ B, photomicrograph of a similar region in an adult rat , 
reduced from X 80 Note the pubic bones and their respective growth plates A 
v\ ide laj er of hj aline cartilage connects them , a is the anterior and b the posterior 
ligament C, photomicrograph of the symphysis pubis from a human fetus at 
approximatelj 4 months , reduced from X 80 Note the anterior ligament (a) and 
its invagination between the two embrjonic cartilage plates A cleft is present 
in the posterior portion of this projection D, photomicrograph of the svmphjsis 
pubis from a new-born infant, reduced from X 8 Note the anterior ligament (a) 
and its invagination between the two pubic cartilage end-plates 
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In the case of the uppei end of the fenim and lowei end of the 
humeius, involvement of the joint was the lule, owing to the anatomic 
iclation of the epiphjseal line to the joint, and in these cases the 
epiphj'sis vas usually destioyed 

The penalty foi delayed diagnosis is the prolongation of toxemia, the 
multiplication of local complications, the development of secondary 
lesions in othei bones and the destruction of the gi owing cells in the 
epiphyseal line, which causes various deformities, all of which prolong 
the course of the disease and mciease the mortality 

Table 3 — The Effect of Inffammatton on the E/nph^sis Indicating the Location 
and Degice of the Aiicsf in Giozvth 


Location 

Complete 

Incomplete 

Femur* 

Low er 2 

Lower S 


Upper 3 

Upper 5 

Tibia 

Low er 0 

Lower i 


Upper 2 

Upper 9 

Humerus 

Lower 3 

Lower 2 


Upper 0 

Upper 0 

Os caleis 

S 

1 

Ulna 


Lower 3 

Poh IS 


3 

Scapula 


1 

Radius 


Lower 1 


Total 15 (16 2%) 33 (3S b%) 

• 'l«o bones showed longitudinal oicrgrowth 

SUMMARY 

A senes is lepoited of 73 consecutive cases of acute hematogenous 
osteomyelitis, affecting 105 bones, with 1 death, which ocemred on the 
thud day aftei admission of an 8 3'’eai old giil with the disease affecting 
the lowei end of the left femm 

The pathologic chaiacteiistics, the sjnnptomatolog}'' and the operative 
treatment aie hiiefly discussed 

An aiialvsis of the seiies is made, especially m legard to the effect of 
inflammation on the epipnyses, with complete oi incomplete inteiiuption 
of giowth, which occuiied in 50 bones oi 55 5 per cent 

In two cases in which the condition affected the loiiei end of the 
femui there vas longitudinal overgimith of 2}4 inches (6 3 cm ) and 
1 inch (2 5 cm ) , i espectively 

ABSTRACT OF DISCUSSION 

Dr F C Kidnfb, Detroit Dr Johnston’s paper is aer\ much to the point 
in that It accents the necessiU of earh diagnosis and conser\atne operation 
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fibrocartilage The aforementioned fibrous invagination merged with 
the contiguous hyaline cartilage and contained numerous blood vessels, 
some of the vessels penetrating the cartilage Small irregular-shaped 
spaces were noted, but no genuine joint cavity was discernible On the 
endosteal surface, the posterior cortices were lined by numerous osteo- 
blasts The subperiosteal surface showed Howship’s lacunae and 
osteoclasts (fig 2D) 

On examination of a specimen removed from the body of an 8 year 
old boy, nothing remarkably different was noted A similar dentate 
shadow was apparent at the growth zone m the roentgenographic plate 
Gross examination revealed turgid mterpubic fibrous and fibrocartilag- 
inous tissues Small clefts were observed in these tissues, most marked 
in ventral portions of sections taken from the upper part of the specimen 
Microscopic examination again demonstrated the undulating appearance 
of the growth zone, with blood vessels m the mterpubic tissues A few 
vascular channels extended into the contiguous hyaline cartilage plates 
The numerous clefts noted in the mterpubic tissues could be definitely 
attributed to degeneration and separation of the fibrous elements 

The third specimen under consideration came from the body of a 
boy 14 years of age Death had been caused by a miliary tuberculosis 
Roentgenographic study of the specimen revealed unusually dentate 
outlines at the growth zones (fig Z A) Sections made from the speci- 
men showed on gross examination a thin midline cleft m the posterior 
two thirds of the mterpubic fibrous tissue (fig ZB) In comparison 
with the two specimens described previously, relative diminution in the 
width of the hyaline cartilage end-plates was evident The thickness of 
the anterior ligament was from four to six times that of the posterior 
ligament (fig 3 C) Microscopic examination confirmed the presence 
of the irregular-shaped cleft m the mterpubic tissues, the consequence of 
marked degeneration and necrosis of both mterpubic fibrous tissues and 
hyaline cartilage (fig ZD) Additional foci of degeneration likewise 
were present m the hyaline cartilage as well as several microscopic cysts 
An interesting feature of this specimen was the unusually deep extension 
of the thick anterior ligament into the hyaline cartilage, creating a rela- 
tive increase of fibrocartilage m the symphysis pubis There was no 
great extent to the penetration of the thm posterior ligament into the 
hyaline cartilage plates The considerably greater thickness and greater 
compactness of the posterior cortex of the pubic bones may perhaps be 
explained as compensation The anterior cortex was partly composed 
of immature bone , its marrow spaces, for the most part, were m direct 
contact with the anterior ligament 
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notched, sometimes straight and often dentate® Todd discerned ten 
different stages through which the pubic bone of the adult passes in its 
development 

When specimens of the symph>sis pubis removed at autopsy from 
adults V ere selected for study, such as were apparently involved by dis- 
ease (except arthritis) were excluded 

On gross examination it was possible to produce slight motion in 
seveial specimens lemoved from the bodies of adult males and nul- 
liparas However, only when the pubic bones were forced anteriorly 
was motion obtained Widening the interpubic space was almost 
impossible 

There was no uniformity in the roentgen ographic appearance of the 
subchondial zones, in some, traces of the original undulated structure 
were still distinguishable (fig 5 A) , in others, flat sclerotic zones only 
were seen The latter observation was made particularly in specimens 


Su-per/or 




Fig 4 — A schematic representation of the superior and inferior “retrogressive 
epiphyses” of the pubic bones They attempt to meet and fuse along the anterior 
surfaces Aj anterior, P, posterior 


taken from adults of from 40 to 50 years (fig 6) Some porosis of 
the subchondral zones was manifested in the greater portion of speci- 
mens taken from adults past SO years Definite sclerotic subchondral 
zones persisted in several specimens taken from adults between 50 and 
80 years of age (£g 7 A) In a number of roentgenograms of group B, 
the v^entral rampart or anterior corner — the ledge of bone formed along 
the anterior surface of the pubic bone close to the symphyseal face 
(described) — ^^vas clearly demonstrated (fig 5 A) 

In macroscopic examination of serial sections, the clearly visible 
anterior ligament showed its decussating fibers deeply injected into the 

6 Krauss, F Ueber Symphj sensprengung, Zentralbl f Chir 57 134, 1930 
Chamberlain, W E The Symphysis Pubis in the Roentgen Examination of the 
Sacro-Ihac Joint, Am J Roentgenol 24 621 (Dec ) 1930 Sack, G M Zur 
Pathologic der Symphvse, Rontgenpraxis 5 566 (Aug ) 1933 Burman, M S , 
Wemkle, I N , and Langsam, M J Adolescent Osteochondritis of the Symphy - 
SIS Pubis, J Bone &. Joint Surg 16 649 (July) 1934 
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bones ^ (fig 1 A and B) In man the fibrous tissue between the carti- 
laginous lormations is incompletely transfonned into Inalme cartilage 
This communicating mesench}me is subject to com ersion in some degree, 
into fibrous tissue or into fibrous or h\ aline cartilage Very earl\ e% en 
in Ultra-Uterine life clefts mar be seen in that mterstitialh placed con- 
nective tissue This w as noted m the postenor portion of the s} mpht sis 
pubis of a human fetus (at 4 months fig 1 C) In the newly born 
infant, the undifferentiated mesenchtme appears as an insertion of 
fibrous tissue or fibrocartilage between the cartilaginous portions of the 
pubic bones This tissue may or ma} not contain the clefts mentioned 
It may therefore be inferred that there is no basis for considering the 
pubic s\ mph} SIS as a true joint region (fig ID) 

The results of the present studies will be presented as {A) appear- 
ances m the )oung and (B) appearances in the adult 

GROUP A (AGES 1 TO 17 YEARS) 

Three t\pical specimens will be described The\ illustrate clearh' the 
characteristic roentgenographic gross and histologic obsenations in the 
}Oung 

Roentgenographic examination of a specimen remoi ed from the bod\ 
of a 3 jear old child plainly demonstrated the beginning of a dentate 
appearance in the symphyseal ends (fig 2 A) This was a consistent 
obsenation in all roentgenograms of pubic bones remoied from the 
bodies of infants 

On gross examination it w as found that the pubic bones in the region 
of the symph}sis were bound together by four external ligaments 
(supenor, inferior, anterior and posterior) The application of con- 
siderable force in the anterior direction relaxed the anterior ligament, 
although there was marked resistance to motion in am of the other 
directions On section of the various speamens in the anterior-posterior 
plane, the thick anterior ligament was clearh disclosed with its projec- 
tion betw'een the end-plates of the pubic bones The growth zones at the 
sjanphyseal ends of the pubic bones presented a slight!} serrated sur- 
face (fig 2 B) The gross appearance was thus entire!} in conformit} 
wnth that obsened on roentgenographic examination The fibrous tissue 
between the cartilaginous ends of the pubic bones was recognized by 
roentgenographic examination as a dense linear shadow* (fig 2 C) 

3 As Chapman points out the s>mph>sis pubis ma\ be entireh absent m 
rodents •\s a substitute, the right rectus muscle is attached to the left pubic 
bone and the left rectus to the right pubic bone (Chapman R N A Stiidr of 
the Correlation of the Pehic Structure and the Habits of Certain Burrowing 
Mammals, Am J Anat 25 185 [March] 1919) 

4 Ruth E B The Stud\ of the Derelopment oi the Mammalian Pehis 
Anat Rec 53-51 207 (JuK) 1932 



Fig 7 — A, roentgenogram of the pubic bones removed from a man S3 years 
old, disclosing marked sclerosis of the subchondral regions (b) The superior 
surface is labeled j 5, photograph of a sliver cut from the specimen shown in A 
m an anteroposterior plane, exhibiting the thick anterior ligament (a) The 
fibrocartilaginous symphjsis pubis contains a cleft in its posterior aspect (c) 
C, roentgenogram of several slivers cut from the same specimen in an antero- 
posterior plane, demonstrating the thick anterior ligament (a) The sclerotic 
subchondral zones (b), the anterior corners (d) and the prominent posterior 
corners (c) are clearl> seen D, photomicrograph of the section prepared from 
the middle sliver, reduced from X 5 It reveals very thick subchondral zones 
(b) and anterior corners (d) The posterior corners (c) are prominent Note 
that the interpubic tissue consists mainly of fibrocartilage (/) A few fissures are 
present in it 
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On histologic examination the h^ahne cartilage plates of the speci- 
men (from the 3 rear old child) were quite thick and were bound 
together hi a laier of fibrous tissue The latter extended about se\en 
eighths of the antenor-postenor distance of tlie simiplnsis pubis The 
remaining (postenor) one eighth was occupied h\ a semilunar bndge of 



j 


Fig 2 — -J, roentgenogram of the pubic bones irom a 5 jear old girl shouing 
the beginning oi a serrated appearance of the growth plates B, photograph of 
two sluers sectioned from the same specimen m the anteroposterior plane, showing 
the wide pubic cartilages separated b\ a fibrous lajer Xote the thm postenor 
ligament (b) C roentgenogram ot these two sluers, «howmg the projection of the 
anterior ligament between the two hyaline cartilage plates D photomicrograph 
OI one or the sluers reduced trom X 6 Xote the antenor ligament (a) and its 
projection (c) between the In aline cartilage plates The growth zones are serrated 
in appearance t,d) The postenor ligament {b) is thm Xote the blood lesscl (c) 
in the h\-ahne cartilage 
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Fig 8 — A, specimen removed from a nullipara 55 years old The sliver was 
sectioned in the anteroposterior plane The anterior portion is marked a The 
roentgenogram demonstrates a cvstic space in the anterior corner marked b B, 
photomicrograph of the histologic section prepared from the sliver, reduced from 
X 6 The cyst (5) is seen to be the result of a cartilaginous herniation There 
IS irregular Assuring of the s 3 "mphysis pubis A small segment of it is still of 
the hj aline variety (c) A degeneratne C 3 'st may be noted in the anterior liga- 
ment ((f) C, a high power photomicrograph reveals that the cleft in the 
fibrosed pubic cartilage is bordered by degenerated and necrotic fibrillar cartilage 
Note the island of necrotic cartilage in the fissure, reduced from X 100 
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GROUP B (ADULTS) 

In the usual de) elopment of pubic bones ‘ retrogressu e epiph} ses” 
appear after pubert} Todd ® found these bon\ nodules (not true centers 
of ossification) on the superior and inferior aspects of the central sur- 
face of each pubic bone near the scuiphiseal face (fig 4) Although 
liiglil) erratic m their mode of dec elopment the} general!} tend to meet 
and fuse along the ventral border of each pubic bone Changes such as 



Fig 3 — A, roentgenogram of the pubic bones remoied from a 14 cear old 
louth showing an unusual serrated outline at the growth zones B photograph oi 
slners sectioned in the anteroposterior planes from the specimen shown in 4, 
reiealing the fibrous interpubic sheath In it is a \er\ thin cleft The anterior 
ligament is marked a C, roentgenogram of these sheers disclosing the dentated 
configuration of the growth plates Note the greater width of the interpubic 
tissue in its anterior portion (fi) D photomicrograph of one of the sheers 
reduced from X 5 It demonstrates the cleft in the interpubic tissue Note tiie 
ineasion of the he aline cartilage be the anterior ligament (a) 

the cessation of endochondral ossification result m the formation of a 
subchondral bone plate Its appearance, can, mg eeidele, is sometimes 

S Todd, T \\ Age Changes m the Pubic Bone, \m 1 Phes \nthropol 
3 285 (Tuh) 1920 , 4 1 (Jan) 1921, 4 333 (Oct) 1021 14 255 '(April) 1930 
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Fig 10 — Photograph of a sliver from a specimen from a multipara 67 years 
old It was sectioned in the anteroposterior plane Note the thick posterior 
ligament (b) and the anterior ligament (a), which is continuous with the inter- 
pubic tissues and has in it a large fissure B, roentgenogram of two slivers show- 
ing marked prominence of the posterior corners (c) Note the depressions in the 
posterior cortices for the insertions of the posterior ligament (</) C, photo- 
micrograph of one of the slivers, revealing a large cleft in the symphysis pubis, 
reduced from X 6 This is continuous with those in the posterior ligament ib) 
The niche m the posterior cortev. (d) is clearl 3 '- seen 
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mterpubic cartilage The ligament was thicker than the posterior one 
(fig 7 B), except in specimens taken from multiparas 

Contrary to the appearance in the young, m whom the end-plates of 
the pubic bones are composed of thick zones of hyaline cartilage, only 
small segments of such cartilage appeared m the adult group Those 
seen were in the anterior or the posterior portions of the symphysis 
pubis close to the pubic bones The rest of the cartilage end-plate which 
had been hyaline was transformed into fibrocartilage or was extremely 
fibrillated The cartilaginous end-plates varied in color from brownish 
yellow to distinct yellow 

In group B, again, the irregular clefts were manifest m many of the 
specimens They appeared either m the middle of the mterpubic tissue 
or close to the subchondral zones, extending from the anterior to the 
posterior ligament and from the superior to the inferior ligament Some 
were observed only m the anterior, the middle, or even the posterior 
third of the symphysis pubis Sometimes, the latter clefts were exten- 
sions of those in the anterior or the posterior ligament Some of these 
clefts were wide enough to admit the bulbous head of an ordinary pm , 
several clefts had irregular branches 

Roentgenographic examination of serial sections demonstrated clearly 
the subchondral zones as well as the anterior corners arising from the 
“retrogressive epiphyses” (fig 7 C) In some cases, the subchondral 
zones of the right and left pubic bones were not parallel to each other 
They diverged toward the anterior cortices Roentgenographic exami- 
nation of a few sections disclosed small cystlike shadows varying m size 
from 2 to 6 mm m or near the subchondral zones (fig S A) Histologic 
studies revealed them as either cartilaginous herniations or discrete 
islands of cartilage (fig 8) Also present, were small osteophytes pro- 
jecting from the subchondral zones into the symphysis pubis (c, fig 
9 A) Bony projections were observed in some to be near or at the 
posterior corners, i e , the junction of the posterior cortex and the 
symphyseal face 

Histologic Studies — Interpubic Tissue Each section studied in 
group E had definite fibrillation of some parts of the hyaline cartilage, 
usually with marked fibrous invasion of the remaining hyaline cartilage 
(fig 7 D) This demonstrated its cause to be the expansion of the 
anterior ligament with its fibrous projection at the expense of the hyaline 
cartilage Close to the subchondral bone, small remnants of h}'ahne 
cartilage remained intact The clefts were again observed in the mter- 
pubic tissues In specimens from males ffig 9 C) they were rather 
limited, and several such specimens were totally without any evidence of 
fissures (fig SB) Irregular fissurmg was obsen-'ed to a slightly greater 
extent m specimens obtained from nulhparas (fig 8 5) 




Fig 1 1 — A, roentgenogram of slivers of a specimen from a multipara S3 years 
old The slivers were sectioned from the specimen in an anteroposterior plane 
Note the sclerosis of the right pubic bone — Paget’s disease B, photomicrograph 
of one of the slivers , reduced from X 5 It demonstrates a cleft m the interpubic 
tissue (a) , a degenerative cyst m the thickened posterior ligament (fi) , numer- 
ous cartilaginous islands in the marrow (c) , thickened cortices and closely set 
bone trabeculae (d) and newly formed pubic cartilage (c) 









SURVIVAL OF AN AUTOPLASTIC PARATHYROID 
TRANSPLANT IN A PATIENT WITHOUT 
PARATHYROID DEFICIENCY 

PHILIP SHAMBAUGH, MD 

AND 

ELLIOT C CUTLER, MD 

BOSTON 

Autoplastic transplantation of parathyroid tissue has been practiced 
by a number of surgeons in connection with operations on the thyroid 
gland when one or more parath3'roid glandules have been accidental!} 
removed This procedure has been advocated, particularly by Lahey, 
as a means of preventing the occasional occurrence of postoperative 
tetany As far as we are aware however, there has been no final proof 
of the survival of the transplant in these cases Cattell ^ observed post- 
operative tetany in one of his patients m whom parathyroid tissue had 
been reimplanted between the fibers of the sternocleidomastoid muscle 
The facts that the calcium content of the blood gradually returned to 
normal in the course of several weeks and that the tetany spontaneously 
and permanently disappeared were taken to indicate that the transplant 
had survived and was functionally active There was no opportunity, 
however, to check this by microscopic study 

On the basis of Halsted’s experimental work, it has been generally 
felt that these grafts will not survive unless there is a state of para- 
thyroid deficiency following the transplantation, such as occurred in 
the patient observed by Cattell We have studied the fate of parathyroid 
autografts in the dog under varying degrees of parathyroid deficiency 
and have demonstrated that, contrary to the general belief, these trans- 
plants will surviA^e regardless of the physiologic need of the organism 
for parathyroid tissue “ 

The clinical corroboration of this experimental finding has recentl)" 
been observed 

A woman, aged 61, was subjected by us to total thyroidectomy on Feb 4, 1933, 
because of intractable cardiac disease with severe angina pectoris and a previous 
history of coronary thrombosis After removal the gland was carefully examined 

From the Surgical Service of the Peter Bent Brigham Hospital 

1 Cattell, R B Parathyroid Transplantation Report of Autografts of 
Parathyroid Glands Remoied During Thj roidectomj , Am J Surg 7 4 (July) 
1929 

2 Shambaugh, P Autotransplantation of Parathjroid Gland in the Dog 
An Eialuation of Halsted’s Law of Deficiencj, Arch Surg 32 709 (April) 1936 
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heretofoie have demonsti ated that the adult male gumea-pig has a 
cartilaginous, and the adult female a fibrous, symphysis pubis Repeated 
injections of theehn (or a similar product) into the castrated adult 
guinea-pig causes transfoimation of the symphysis from caitilagmous 
to fibrous Additional injection of blood from a pregnant animal into 
the feminized guinea-pig induces relaxation of the fibrous symphysis 
pubis ® It has been successfully demonstrated that m the human being 
relaxation of the symphysis pubis occurs during pregnancy 

Specimens taken from multipaias weie easily differentiated as such 
Their most obvious distinction lay m the thickness of the posteiior 
ligament, which appeared as a massive rounded elevation on the posterior 
surface of the symphysis pubis (fig 10 /I) Examination of the sections 

Geburt und klmische Deutung der Befunde, Arch f Gjnak 137 866, 1929 Lang, 
F J , and Haslhofer, L Changes in the Sj'mphvsis Pubis and Sacro-Ihac Articu- 
lations as a Result of Pregnancy and Childbirth, Arch Surg 25 870 (Nov ) 1932 
Berlin, E T Separation of the Symphj'sis Pubis, Am J Roentgenol 30 797 
(Dec) 1933 

8 Hisaw, F L The Corpus Luteum Hormone Experimental Relaxation 
of the Pelvic Ligaments of the Guinea Pig, Physiol Zool 2 59 (Jan ) 1929 
Fevold, H L , Hisaw, F L, and Meyer, R K Isolation of the Relaxative 
Hormone of the Corpus Luteum, Proc Soc Exper Biol &. Med 27 604 (March) 
1930 Hisaw, F L Physiology of the Corpus Luteum m Allen, E Sex and 
Internal Secretions, Baltimore, Williams & Wilkins Compaii}, 1932, p 499 
Pommerenke, W T The Cyclic Relaxation of the Pelvic Ligaments m the 
Guinea Pig, Anat Rec 57 361 (Nov ) 1933 Tapfer, S , and Haslhofer, L 
Hormonale Weiterstellung des Beckens im Tierversuch, Arch f Gynak 159 313, 
1935 

9 Duncan, J M Researches in Obstetrics, Edinburgh, A & C Black, 
Ltd , 1868 Snelling, F G Relaxation of the Pelvic Sjmiphyses During Preg- 
nancy and Parturition, Am J Obst &. Gynec 2 561 (Feb ) 1870 Eastman, 
T B Rupture of the Symphysis Pubis, New York M J 83 130 (Jan ) 1906 
Tuley, H E Rupture of the Symphysis Pubis in Labor, Am J Obst &. Gynec 
68 852 (Noi ) 1913 Lynch, F W The Pelvic Articulations During Preg- 
nancy, Labor and the Puerperium, Surg, Gynec & Obst 30 575 (June) 1920 
Wishner, J G, and Mayer, L Separation of the Symphysis Pubis, ibid 49 
380 (Sept ) 1929 Muller, W Rontgenologische Untersuchungen uber die 
Symphyse Schwangerer, Zentralbl f Gynak (no 112) 55 999, 1931 Heyman, 
J , and Lundqvist, A The Symphysis Pubis in Pregnancy and Parturition, Acta 
obst et gynec Scandinav 12 191, 1932 Reis, R A , Baer, J L , Arens, R A. , 
and Stewart, E Traumatic Separation of the Symphysis Pubis During Spon- 
taneous Labor, Surg, Gynec & Obst 55 336 (Sept) 1932 Boland, B F 
Separation of the Sy'mphysis Pubis, New England J Med 208 431 (Feb) 1933 
Broulia, L Recherches sur la mobilisation de la symphyse pubienne chez le 
cobay e impubere, Compt rend Soc de biol 113 ^6 (April) 1933 Barnes, J M 
The Svmphysis Pubis in the Female, Am J Roentgenol 32 333 (Sept) 1934 
Abramson, D , Roberts, S A , and Wilson, P D Relaxation of the Pelvic 
Joints in Pregnancy, Surg, Gynec & Obst 58 595 (March) 1934 
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again disclosed large irregular clefts in all portions of the mterpiibic 
tissues The cartilage plates of the pubic bones uere occasionally not 
attached to the pubic bones and postenor ligaments In these cases 
their single point of fixation was the anterior ligament Force exerted 
anteriorly produced considerable motion m some of the specimens 
Roentgenograms of the sections showed exaggerated posterior corners 
Some specimens demonstrated symmetrical depressions on the postenor 
cortices near the S 3 miphyseal surfaces Within these areas were inserted 
the thickened posterior ligament (fig 10 B) (One roentgenogram 
taken anteroposteriorly presented the postenoi depression with a shadow 
like a cyst ) 

Histologic examinations confirmed the gross findings Marked 
degenerative changes and cleft formations had resulted m numerous 
cysts and channels throughout the ligaments and interpubic tissues 
Man)’’ of the channels, particularly in the posterior ligament, were pro- 
longed from one pubic bone to the other The prominence of the thick 
posterior massive ligament proved to be due to the protuberance of the 
postenor corners in addition to an actual increase in the width of 
the posterior ligament with the protrusion of the postenor interpubic 
tissues (fig IOC) (This posterior mass is reserve tissue, relaxation 
during pregnancy probably permits further separation of the pubic 
bones 

Pathologic Specimens Evidences of pathologic processes were dis- 
cernible in pubic bones when no trace or far less evidence of such 
processes could be found elsewhere in the skeleton In this senes of 
examinations, Paget’s disease (figs \l A and B), idiopathic osteo- 
sclerosis, osteoporosis and metastatic foci of tumors (figs \2A, B 
and C) were some of the conditions encountered Roentgenograms 
showed that the subchondral bone at the s)nnphyseal face may be 
destroyed by pathologic tissue Thus, in roentgenograms progressive 
obliteration of the shadow cast by the subchondral zone may give the 
clue to the presence of pathologic tissue 

* SUJIMARV AXD CONCLUSIONS 

Clefts m the interpubic tissues are due to degeneration , static forces 
may be responsible for their occurrence Pregnancy causes relaxation 
and stretching of the ligaments and interpubic tissues, accentuating the 

10 The relaxation of the thickened posterior ligament ma> permit contact 
with the peKic organs Also, the numerous channels m the posterior ligament 
ma\ pro\ide avenues for the spread of infection, possibh constituting the basis 
for the occurrence of puerperal osteomyelitis m the pubic bones 

11 Histologic examination of specimens invoked in Paget’s disease and in 
nutritional osteoporosis reiealed aasculanzation and new cartilage formation in 
the interpubic tissue (fig 12 D) 



ARTHROSCOPIC EXAMINATION OF THE 
KNEE JOINT 

REPORT OF CASES OBSERVED IN THE COURSE OE ARTHROSCOPIC 
EXAMINATION, INCLUDING INSTANCES OF SARCOID AND 
MULTIPLE POLYPOID FIBROMATOSIS 

MICHAEL S BURM-SiN, MD 

A^D 
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^^\V AORK 

We have been foitunate enough in the arthroscopic examination 
of eighty knee joints to observe a fair number of cases remarkable 
enough to merit individual report One case of xanthoma of the knee 
was repoited separately by Kling and Sashin ^ 

Arthroscopj'^ has proved of great A'alue in this group not only in ruling 
out other suspected disease processes but also in providing direct visual 
evidence of the existing disease, unusual as it may be Visualiza- 
tion was usualty good, and the pathologic picture was well demonstrated 
While a proper diagnosis may not be made on the basis of visual evi- 
dence, enough is seen to indicate the proper therapeutic procedure The 
ultimate diagnosis has sometimes rested on the microscopic observa- 
tions This group of cases supports an oft repeated statement that 
diseases of the knee joint can be as difficult and complex of diagnosis 
as any disease process within the chest or abdomen, despite the limited 
means of reaction of a joint 

SARCOID OF THE TENDON SHEATH AND JOINT 

Case 1 - — A girl, aged 8 years, has been under observation for more than two 
j^ears She W'as first admitted to the Hospital for Joint Diseases on Sept 19, 1932, 
because of swelling of the knees, ankles, elbows and wrists The disease process 
was of three j-^ears’ duration, first beginning in the left knee and later involving 
the left ankle, left foot, right knee and right ankle, in this order The elbows 
and wrists w'ere involved last, about two years before admission The patient 
felt w'eak, and her general health was only fair, yet she was able to be up and 
about throughout the development of the disease In the few weeks before 

From the Hospital for Joint Diseases, the senuce of Dr Leo Mayer 

1 Kling, D H , and Sashin, D Hemorrhagic Villous Synovitis of the 
Knee Joint Due to Xanthoma, Arch Surg 30 52 (Jan ) 1935 

2 An abstract of this case -was included m an article by Burman, kf S , 
Fmkelstein, H , and Mayer, L Arthroscopy of the Knee Joint, J Bone & Joint 
Surg 16 255, 1934 
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degenerative processes In all specimens taken from adults, progressive 
(normal) degenerative manifestations could be observed 

Roentgenograms of the pubic bones taken from the young demon- 
strated the serrated appearance of the symphyseal face as normal After 
puberty, growth may cause unusual conformation of the pubic face 
Certain raie roentgenographic appearances may be noted owing to the 
presence of either cartilaginous herniations or inclusions 

The frequent demonstration of pathologic processes in the senes 
studied emphasizes the importance of clinical and roentgenographic 
examination of the pubic region especially on the slightest suspicion of 




Fig 12 — A, roentgenogram of a specimen from a nullipara 35 years old, who 
died from carcinoma of the stomach Observe the punched-out areas in both 
pubic bones A loss of the subchondral sclerosis is also apparent (a) B, photo- 
graph of a sliver sectioned from the specimen in an anteroposterior plane, which 
demonstrates invasion of the marrow, cortices and subchondral bone by a tumor 
(o) C, roentgenogram of two slners revealing destruction of the cortices and 
trabeculae Note the loss of the subchondral sclerosis fa) D, photomicrograph 
of a specimen from a man 39 years old, reduced from X 85 There was present 
marked nutritional osteoporosis The photomicrograph shows a fibrous and 
vascular invasion of the pubic hj'aline cartilage commencing from the subchondral 
region 


an osseous lesion When postmortem examinations are limited m extent, 
extraction of the pubic bones for stud} is strongly advised, local and 
general osseous pathologic changes may thereby be elucidated 
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of the soft tissue was present on the inner aspect of both elbows A roentgeno- 
gram made immediately after an injection of air into one of these masses showed 
It to be an extension of the synovial lining of the elbow and not a para-articula- 
mass Motion in the elbows t\as complete, and no heat was present about the 
joint The masses on both wrists represented thickening of the tendon sheaths 
There was a boggy and diffuse involvement of the common extensor tendons 
of the fingers, which formed a small mass on the dorsum of the hand The 



Fig 2 (case 1) — A roentgenogram showing the cavitation in the olecranon 
process of the left elbow 

palmar surface of the hands was not involved There was a slight but not 
significant restriction in the motions of the wrist The fingers were considered 
to be normal The ankles show'ed boggr swelling of the peroneal tendons laterally 
and involvement of the extensor sheath and the sheath of the tibialis posterior 
muscle The sheath of the tibialis anterior muscle was not affected on either side 
Slight limitation of ankle motion was present The masses were not hot or red 
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dilution as low as 1 100 as well as with the dilutions used as a routine The 
blood picture shoued no significant deviation from the normal The red blood 
cell count varied from 4,160,000 to 5,440 000 and the white blood cell count from 



Fig 4 (case ll — ^An arthroscopic view of the interior of the right knee joint 
Observe the clusters of sarcoid tissue hanging in the joint The fat pads are also 
shown 



Fig 5 (case 1) — A section of svnovia from the right wrist, showing the 
formation of tubercles in the svnovial and subsvnovial laj'ers 


6,100 to 10,000, with a percentage of neutrophils of about 65 and a Ijmphocvfe 
range of from 22 to 47 per cent Repeated examination of specimens of sjnovial 
fluid revealed a sterile fluid, with a varving admixture of red cells Routine and 
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for parathj roid tissue, and one rather large glandule, measuring 5 bj 8 mm , was 
found on the posterior surface of the right lobe near the lower pole A small 
slice of this glandule r\as placed between the fibers of the left sternocleidomastoid 
muscle, the location was marked wnth a silk suture, and the remainder of the 
glandule w’as sa\ed for microscopic identification The patient made an unerentful 
reco\er 5 Further examination of the thyroid gland showed a tinj piece of para- 
thyroid tissue, 15 b) 0 5 mm , on the posterior aspect of the right lobe near the 
upper pole The left lobe showed no trace of parath)roid tissue 

The cardiac status of the patient was impro\ed b) the operation She was 
completely relieved of anginal pain for fi\e months, when a second attack of 
coronar) thrombosis occurred Following this there were infrequent and relatively 
mild anginal seizures, until death occurred with the third attack of coronarj 
thrombosis on Sept 18, 1935, two cears and seren months after the roidectomy 
Careful postmortem examination of the cer\ ical region show ed no th\ roid tissue 
remaining, and there W’as no parathcroid tissue on the right side On the left 
side the tw’o parathcroid glandules were identified hing m their normal position 
The muscle contaming the transplant was excised, and on section the graft was 
recovered There was virtualh no fibrosis, and the cellular structure, when com- 
pared to the original glandule from which the gratt had been taken, showed no 
alteration (figs 1 and 2) 

It can be assumed that the anatomic deficienc} m parathyroid tissue 
at the time the graft tvas placed was 50 per cent As far as can be 
determined, how'evei, there w'as no physiologic deficienc} The patient 
showed no evidence of tetany at an} tune, and the calcium content of 
the blood did not tall postoperative!) In fact, there )vas a slight rise 
from the preoperative level of 11 2 mg per hundred cubic centimeters 
to 11 5 mg ten days after operation and 11 8 mg fourteen days after 
operation A final determination se\en )veeks after operation showed 
the calcium content to be 10 mg 

A coincidental finding w'as that the patient had Paget s disease of the 
bone involving the right ihum and, to a slight extent, the skull We 
believe that this probably does not signify a paratlnroid deficienc} and 
therefore does not alter the conclusion that the paratlwroid autograft 
survived in the absence of an urgent specific ph)"siologic demand 
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ination included peculiar grapehke clusters of reddish bodies attached to the 
sjTiovia The s 3 'novia was hypertrophic, and the cartilage of the joint was normal 
A biopsy specimen was remo\ed through a punch, and microscopic examination 
revealed nonspecific chronic synovitis, the specimen had evidently not been taken 
from one of the clusters It was determined that an unusual form of synovitis 
existed, one which we had never before encountered The patient’s comalesceice 
from these multiple procedures was uneventful 

On December 9 the left peroneal sheath was explored The sheath was filled 
w'lth a reddish clump of tissue similar to that seen in the knee joint through the 
arthroscope The peroneal tendon was intact, but in its course through the masses 
of diseased tissue it was covered w’lth a thin pannus Microscopic examination 
of the excised synovia revealed numerous cellular tubercles, wnth giant cells, the 
nuclei of which sometimes numbered IS, numerous fibroblasts and numerous epi- 
thelioid cells These tubercles were not caseous or necrotic and were clearly 
demarcated from the surrounding fat No perivascular inflammation of note was 
seen Dr Henrj' Jaffe, pathologist of the Hospital for Joint Diseases, considered 
the disease to be sarcoid, a form of tuberculous involvement most frequentlv 
encountered in the skin as Boeck’s sarcoid 

The unitj' of the disease process in the \arious tendon sheaths and joints was 
demonstrated repeatedly on microscopic examination of tissues removed at opera- 
tion The right knee was operated on on December 28, and the red, spongelike 
sjnovia was excised The menisci were also removed A small pannus of this 
abnormal tissue was present over one condyle of the femur, and this w'as removed 
with some difficulty Convalescence was uneventful, and motion in the knee soon 
became complete The left knee was opened on Feb 8, 1935, and on incision of 
the synovia the red-purple masses popped out through the line of incision A 
synovectomy was done Unfortunately an infection of a hematoma in the quadri- 
ceps bursa developed, which was relieved by proper drainage This, however, 
left the knee with a partial permanent limitation of motion, extension being 
full but flexion being permitted onlj’’ to an angle of about 150 degrees The 
masses in the right peroneal sheath were removed on April 26 After these p^'o- 
cedures the patient was discharged 

She was admitted to the hospital again in the latter part of 1933, for further 
surgical work On November 29 a partial posterior sjmovectomy of both elbow 
joints was done, with removal of the masses on the inner aspects of both elbo’vs 
These communicated definitely with the elbow joint proper At the same time 
the masses within the tendon sheaths of the extensor carpi radialis brevis, the 
extensor carpi radial s longus and the extensor digitorum longus muscles were 
exased Conv'alescence was uneventful, and on December 13 the last operation 
was done, at which time the masses of diseased sarcoid tissue were removed from 
the extensor digitorum longus and the peroneus tertius tendon and from the 
sheaths of the tibialis posterior and flexor digitorum longus muscles of the right 
foot The sarcoid tissue was light pink and more fatty than in the other areas 
operated on In the sheath of the extensor tendons one rice body was found, this 
was the onfy rice body noted at any of the operations 

The child was soon discharged and has since been seen periodically m the clinic 
On her last examination, on April 30, 1935, there was moderate effusion within 
the right knee, with a partial recurrence of synovial thickening The left knee 
showed no change Slight recurrence was noted along the right peroneal sheaffi 
m its lower part A new focus had dev'^eloped along the sheath of the tendon 
of the left tibialis anterior muscle Another focus had developed in the tendon 
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admission she had noted a definite increase m the swelling of the knees, which 
had become painful There had been occasional attacks of vomiting in the morn- 
ing recentlj There was no history of an important disease The patient had 
had measles 

The child was definitely undersized and anemic and looked older than her 
age She showed pronounced dental caries Her heart and lungs were clinically 
normal There w'as no splenomegaly or hepatomegaly A few small shottj' 
inguinal glands were felt, but otherwise no adenopathy was noted The tonsils 
and adenoids were hj pertrophied Orthopedic examination revealed the hip joints 



Fig 1 (case 1) — A photograph of the patient at the time of admission m 
September 1932 Note the swelling of both knee joints and the thickening of the 
tendon sheaths about the ankles 

and shoulder joints to be free from the disease process which incolved the other 
large joints Both knees were swollen, ownng both to the presence of 
effusion within the knee and to the definite thickening of the sjnoiial lining The 
measurements of the knees were as follow's right knee, 10%, 11 and inches 
(27, 28 and 22 cm ), and left knee, 12, 12 and 9% inches (30, 30 and 24 cm ), 
the measurements being taken at corresponding points in the suprapatellar region, 
o\er the patella and below the patella, respectneh Extension w-as full, but 
flexion was limited to 90 degrees No heat or local spasm was present Swelling 
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Gowen/ Doub and Menagh,® Kirkhn and Morton ® and Sanes and 
Smith 

Theie is a general opinion that saicoid is due to the tubercle bacillus, 
despite the universal absence of a positive reaction to tuberculin, despite 
the inability to demonstrate the tubercle bacillus and despite the negative 
leactions in guinea-pigs The organism is of low virulence, and the 
negative reaction to tuberculin is explained b}’’ the presence of a true 
anergy, a state of true immunity to the bacillus The tubercle bacillus 
has been demonstrated occasionally m saicoid lesions, especially m the 
early stages, before the true sarcoid appearance has developed Kyrle 
called sarcoid a foreign body reaction to the bacillus of tuberculosis 
and Its disintegration products Microscopically, the changes are not 
incompatible with those observed m tuberculosis, and in our case a 
study of each tubercle would have invariably led to a diagnosis of 
tuberculosis Others believe in a more vaiied etiology, and the organism 
of syphilis especially has been held to be a causative factor The pros and 
cons of this matter ivere well brought out by Goeckerman 

SYNOVITIS or THE KNEE JOINT CHARACTERI/ED BY BODIES 
RESEMBI ING HASSALL CORPUSCLES IN THE SYNOVIA 

Case 2 — A woman, aged 37, twisted her right ankle and knee a year before 
she was admitted to the hospital The right knee became painful and swollen 
Aspiration was performed on the knee, and diathermy treatments were given 
Subsidence of the pain took place in about a month, although a small amount of 
swelling remained Nine months later seiere pam and swelling of the knee again 
occurred, so that the patient was unable to bear weight on the right extremity 
Six weeks before she was admitted to the hospital the knee again caused her to 
be incapacitated, so that further treatment was necessary She walked with a 
knee limp on the right side, the knee being held at an angle of 170 degrees 
Extension of the knee was possible to an angle of 170 degrees, and flexion onb 
to an angle of 40 degrees No abnormal movements were noted Definite thick- 
ening of the synovial lining, especially m the quadriceps bursa, and enlargement 
of the fat pads were present Slight tenderness existed along the line of the 
internal meniscus 

The roentgenogram of the knee showed no abnormalities The only pertinent 
laboratory observation was a white blood cell count of 20 900 A diagnosis of 

7 Van Alstine, G S , and Gowen G H Osteitis Tuberculosa Cystica Mul- 
tiplex (Junghng) Report of a Case Involving the I arge Long Bones with Com- 
plete Proof of Its Tuberculous Etiology, A Review of the I.iterature, J Bone &. 
Joint Surg 15 193, 1933 

8 Doub, H P , and Menagh, F R Bone Lesions in Sarcoid , A Roentgen 
and Clinical Entit>, Am J Roentgenol 21 149, 1929 

9 Kirkhn, R R , and Morton, S A Roentgenologic Changes in Sarcoid and 
Related Lesions, Radiology 16 328, 1931 

10 Sanes, S, and Smith, W S Osteitis Tuberculosa Multiplex Cvstica of 
Fibula and Tibia, JAMA 102 1206 (April 14) 1934 

11 Kyrle, quoted bv Goeckerman® 
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The diagnosis was uncertain A pediatrician who was consulted diagnosed 
the condition as periarticular, simmetrical disease of infectious origin, possibh 
associated with the dental canes Still’s disease, which was considered, was ruled 
out b\ the absence of splenomegah the absence of adenopathj, the absence of 
irregular bouts of feier m the history (and indeed during the patient's staj in 
the hospital there was no significant lariation in the temperature) and the sigmfi- 
cant freedom of motion m the swollen joints The association ot boggi masses 


A 



Fig 3 (case 1) — roentgenogram showing the trabeculated arrangement of 
the spongiosa of the phalanges, characteristic of earh sarcoid ot bone This was 
first pointed out b\ Tunglmg 


witli Still’s disease was considered unusual It was telt that n Stills disease 
were present the long duration of the illness should ha\e brought out some of 
these signs 

The presence of so-called Glutton joints was suggested although the Wasser- 
mann reaction of the patient’s blood on three occasions and that ol her mother 
ga\e negatue results 

The results of the routine laboraton procedures offered no clue as to the 
nature oi the disease process The reaction to tuberculin was negatiie with a 
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which at times formed little lymphoid nests The peculiar and special character 
of the lesion lay m the presence of great numbers of small bodies just below the 
surface lining of the synovia, which at times resmbled Hassall corpuscles The 
bodies possessed a central core of fibrillar, acellular material, with a peripheral, 
concentric mass of epithelioid cells and a more concentric proliferation of other 
surrounding tissue cells Some of the bodies were surrounded by lymphocytic 
collections, and others were not In some regions a healing process was taking 
place by fibrous, cellular proliferation of these bodies Dr Jaffe stated that such 
a histologic picture had not been previously observed in the laboratory 

The patient was admitted for the third time on Feb 12, 1934, because of pain 
and a tired feeling in the knee on which the operation had been performed Until 
recentlj she had been free from sjmptoms follo\ving the synovectomy She also 
had pain in her right shoulder Examination revealed some periarticular thick- 
ening of the knee The patella was not as movable as it should have been Some 
diffuse pain and tenderness were noted Flexion of the knee was restricted to an 
angle of 90 degrees 

Arthroscopic visualization was therefore done again to determine what had 
happened to the joint after the synovectomy The visualization of the joint was 
very good, and a mild reformation of the sjnovia, expressed in an iriegular 
formation of villi most marked m the quadriceps pouch, was noted The internal 
meniscus was not present, and regeneration had not taken place Eosm intro- 
duced into the joint resulted m slight staining of the cartilage and uniform staining 
of the synovia No indication for surgical inter\ention was seen The patient 
received typhoid vaccine therapy for a short time She was last seen in April 
1935, still complaining of ache and weakness in the knee and of pain in her feet 
and shoulders She is being treated as an arthritic patient 

MULTIPLE POLYPOID FIBROMATOSIS OP THE SYNOVIA OP THE 

KNEE JOINT 

Multiple iiolypoid fibromatosis is an unusual involvement of the 
synovia of the knee joint, which clinically resembles nonspecific syno- 
vitis of the knee, with lecunent effusion There is some resemblance 
to tuberculosis, and that condition has to be considered in the differential 
diagnosis It is a true tumor of the knee, and case 3 was the first one 
of this type that we have encountered clinically Dr Jacobson told us 
that several specimens of sjmovia exhibiting such a tumorous change 
have passed through the laboratory 

Case 3 — The patient w'as a Negress, aged 31, w'ho was first seen m the 
dispensary m 1931 At that time she presented an effusion within the left knee 
joint, w'hich had developed without trauma The fluid was aspirated, and all 
efforts to prove the joint to be tuberculous were without avail The patient did 
not return, nor did she seek medical attention elsewhere The swelling of the 
knee had never completely subsided, and it was definitely worse during the 
menstrual periods Pam had been present, especially on weight bearing There 
was no history of locking A week before her second visit to the clinic the swell- 
ing of the knee became much w'orse Dull ache w'as associated with it 

The left knee showed marked effusion The synovia was markedly thickened 
and could be felt almost as a distinct la^er Small discrete masses could be felt, 
which W'ere attached to the sjnoiia, especially one the size of a small almond 
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special (Corper’s method) cultures of the fluid did not yield the tubercle bacillus 
or, for that matter, anj other organism An intensive attempt ^\as made to 
demonstrate the tubercle bacillus after the microscopic demonstration of the dis- 
ease, yet repeated inoculations of guinea-pigs and intrapentoneal and intratesticular 
injections into rabbits did not reveal the presence of the tubercle bacillus The 
tracheobronchial glands, which were said by Frazier and Hu ® to be the surest 
site for demonstration of the tubercle bacillus in animals inoculated with material 
from lesions of sarcoid, were not examined m these animals 



Fig 6 (case 1) — A section of tissue removed from the right elbow, showing 
the tubercles penetrating between the muscle bundles 


On September 23 a tonsillectomy was done On October 5 the remo\aI of 
se\eral teeth, the exploration of a small caMtj in the olecranon process of the 
left clbow', W'hich w as demonstrable by roentgenogram, and an arthroscopic ^ isuali- 
zation of the right knee were earned out simultaneously with the patient under 
general anesthesia The cantj in the olecranon process contained some granula- 
tion tissue, W'hich Melded negatue results on examination for a tuberculous process 
or for am specific disease The significant obser\ations on arthroscopic exain- 

o Frazier, C N , and Hu, C K Isolation of Treponema Pallidum from a 
Subcutaneous Sarcoid Proc Soc Exper Biol & Hed 30 898, 1933 
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Fig 8 (case 3) — A photograph of excised synovial membrane and fat pads 
Note especially the numerous pedunculated, polyp-hke masses attached to the 
h 3 'pertrophic synovia 



Fig 9 (case 3) — section of synovial membrane, showing villous hyper- 
trophj, as well as a large, pedunculated nodule 
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sheath on the dorsum of the left wrist A recurrence was observed on the inner 
side of the left elbow This proves that recurrence may take place despite the 
surgical removal of foci, although it has been established that the end-result of 
surgical intervention is good, since recurrence was not noted at most of die 
operative sites That the disease is still active is manifested by the new foci 
The roentgenogram of all the )Oints showed no abnortnahties save for the tmy 
cavitation in the ulna This has increased slightly in size since the operation on 
the olecranon On Nov 21, 1933, the left femur showed a small gouged-out area 
on the anterior aspect of the internal condyle The fingers and the toes from tne 
time of the first admission showed a peculiar punctate atrophv the significance of 
which was not known In the light of the later diagnosis of sarcoid the changes 
in the fingers and toes are typical of the early stage of sarcoid of the bone A 
note on April 7, 1933, pointed out the conical shape of the fingers, the thick- 
ening being confined mainly to the soft tissues about the shafts of the distal two 
phalanges The cavitation in the olecranon process and the subsequent cavitation 
in the internal condyle of the femur were evidences of sarcoid of the bone 

The microscopic observations point to the unity of the disease process in this 
patient Most of the tubercles were located in the subsjnovial layers and in the 
elbows, they invaded the triceps musculature, so that tubercles were seen between 
muscle bundles The synovial villi at times showed the presence of these tubercles 
The invasion of the muscle by the tubercles was noted only in the region of the 
elbow 

A careful study of the sections was made, and in none was caseation of the 
tubercles noted Inoculation of guinea-pigs with tissues and fluid repeatedly failed 
to yield the tubercle bacillus It was never possible to demonstrate the tubercle 
bacillus in properly stained sections of tissue 

We have not been able to find a record of a similar case m the litera- 
ture Faulkner ^ m 1931 reported the case of a woman of 49, with a 
loose, firm, small body m the knee joint The microscopic picture was 
considered to be that of a sarcoid growth 

A good article for orientation on sarcoid is that of Goeckerman ® 
Sarcoid is best known as a cutaneous condition, especially of the Boeck 
type Recently the visceral complications of sarcoid liave been stressed, 
and Goeckerman noted that splenomegaly, infiltrations of the finer 
bronchioles of the lungs and fibrocystic changes in the bones may 
accompaii}' sarcoid of the skin It is striking that our patient presented 
no cutaneous evidence of sarcoid at any time There was no spleno- 
megaly, but a roentgenogram of the lungs shovWd a hilar adenopathy 
The osseous changes of saicoid have been stressed most by Junglmg, 
who termed the condition osteitis tuberculosa multiplex, more recently 
articles on sarcoid of bone have appeared by Bayer,*- Van Alstme and 

4 Faulkner, D M Primary Sjnovial Membrane Tumors of Joints, Surg, 
Gvnec S. Obst 53 189, 1931 

5 Goeckerman, W H Sarcoids and Related Lesions Report of Seventeen 
Cases, Review of Recent Literature, Arch Dermat & Svph 18 237 (Aug) 2928 

6 Bajer, W Osteitis tuberculosa multiplex cjstica mit Sarkoid und Hilus- 
druscnbeteiligung, Tahrb f Kmderb 138 31, 1933 
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ment is usually bilateial and is chaiacterized by the presence of repeated 
effusions within the knee joint, with thickening of the synovial lining 
Aspiration may diminish the effusion temporaril)^ hut there is a marked 
tendency for rapid recuirence Only the knee joint is involved, and 
no definite cause can be invoked Trauma is apparently coincidental 
The reaction to tubeicuhn is negative, and no signs of syphilis are 
present The Wasseimann reaction of the blood and of fluid from 
the joint IS negative These cases form a baffling group, not so much 
from the standpoint of therapy as from the standpoint of etiology 
Possibly, some occult focus of infection exists in the body It is always 
necessary to rule out a specific lesion, although the clinical behavior 
of the knee joints in these cases resembles that of syphilis more than 
that of tuberculosis Sundt and Gill and Orr’'* desciibed this type 
of case accurately 

Twm cases of this particular disease group are included in this 
report, one in a youth of 18 and the other in a girl of 12 years Each 
case IS interesting enough for separate description The value of 
arthioscopy lies in the clear examination of the joint and the possible 
therapeutic effect of lavage It is possible to rule out tuberculosis by 
examination of the joint and by removal of a specimen for biopsy 
Othei suspected lesions aie easily ruled out, and the disease process is 
seen to be confined to the synovia 

Case 4 — Alice S , a girl aged 12 years, fell and hurt her left knee while skating 
fi\e >ears before she was admitted to the hospital The knee was said to ha\e 
been swollen, tender and discolored, but the condition cleared up after two weeks 
The patient had scarlet fe^er in 1932, but no joints were involved as a sequel of 
the disease Her left knee became swollen in October 1933, again aftei skating, 
although this time she did not suffer a fall The left knee became progressively 
sw'ollen, and at times it seemed hot and tender to touch The pain w^as located 
on the inner side of the knee, w'as w'orse m the morning and was relieved by 
w'alking Some limitation of motion w'as noted due to pain No general symptoms, 
except possible excessive sweating in her sleep, had been noted Another fall on 
the knee was noted, although the date of its occurrence was not remembered 

The child was w'ell developed and seemed to be in perfect health General 
examination gave entireh negative results The left knee showed a large effusion, 
with some svnovial thickening klotion was free The right knee which had 
always been free from disabihtv, according to the patient, show^ed a smaller effu- 
sion Its motion too was free No tenderness existed m either joint Serologic 

13 Sundt, H The Diagnosis and Frequencj of Tuberculous Disease of the 
Knee J Bone & Joint Surg 13 740 1931 , Ueber Gonitis incertae causae insbeson- 
dere Sjnovitis chronica “simplex,” unter besonderer Benicksicktigung des “Rheu- 
matismus tuberculosus-Poncet” und Fallen von Svnovitis mit ausgesprochener 
fleckiger Atrophie, Acta orthop Scandinav 3 97, 1932 

14 Gill A B , and Orr, T E Chronic Sjnovitis of the Knee with Persistent 
or Recurring Effusion and of Undetermined Etiologv, J Bone & Joint Surg 16 
159, 1934 
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hjpertrophic synovitis of the knee joint was made, and arthroscopic Msuahzation 
was advised to determine if the proper time for svnovectomy was at hand 
Examination was made on May 11, 1932, and a good view was had of the enlarged 
fat pads and tremendoiislj hypertrophied but very inflamed synovia It was 
therefore advised that synovectomy be postponed, in Mew of the acuteness of 
sjnovial inflammation A cast was applied to the limb 

The patient wore the cast for a month and then recened ^acclne therapy for 
fifteen weeks, without much improvement Pain developed in her right hand and 
right shoulder She had also received thorough treatment privately It was 
thought that the acute condition of the joint was passed and that sjnovectomv 
should be done On October 12 the operation was performed At operation the 
peculiar and interesting feature of the joint was the presence of whitish deposits 



Fig 7 (case 2) — A section of synovial membrane, showing the reactive bodies 

over the svnovia, over the menisci and ov'er some part of the cartilage, which 
resembled deposits of urate The svnovia was greatly hypertrophied otherwise, 
and the fat pads were much enlarged The cartilage was m a good state ot 
preservation The svnovia, fat pads and menisci were removed On November 11 
It was necessary to manipulate the knee to increase its range of motion Other- 
wise, convalescence was uneventful It should be noted that the white blood cell 
count just before the operation was still elevated to 16 800 with 67 per cent poly- 
tiiorphoiiuclears 

Cheniicalh, the whitish deposit was defiiuteh not urate but protein The 
pathologic picture of the excised synovia was described as follows There was 
slight livperlrophv of the svnovial cells, with a slight tendencv to the formation 
of villi A. general increase in vasculantv existed, with lymphoid infiltration, 
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The effusion within this knee disappeared rather quickly, so that when the 
patient was discharged, on December 27, the knees seemed normal On Feb 14, 
1934, a note made in the clinic testified to the objective normality of her knees 
On April 11, despite a fall on the knees three weeks before, they were still 
without further pathologic changes 

It cannot be said that this patient is cured, and only time will tell 
if recurrence of the effusion takes place The effectiveness of thera- 
peutic lavage is demonstrated here The histor}^ of trauma is con- 
fined to the left knee, yet both knees were involved We believe that 
the trauma was coincidental 

C\SE 5 — Jacob C, a 3 'outh aged 18, was first admitted to the hospital in 1928, 
because of questionable tuberculosis of the tendon sheath of the tibialis posterior 
tendon Recover 3 was uneventful, and the tuberculous nature of the swelling 
about the tendon was never demonstrated The knees were normal at this time 
The patient’s present illness, swelling of both knees, came on about three weeks 
before he was admitted to the hospital on Dec 18, 1933 On waking in the morn- 
ing he noted that his knees had become swollen He had had no previous illness 
recenth', and no injur 3 ' was recalled The swelling of the left knee was marked, 
whereas the right knee w'as only slightly sw'ollen No pain and no tenderness 
were noted He had lost about 4 pounds (2 Kg ) since the onset of his illness 
About ISO cc of fluid w'as removed from the left knee, but the effusion quickly 
returned 

The patient w'as tall and thin and walked with a definite knee limp The left 
knee was full of fluid Extension w'as possible to an angle of 165 degrees, and 
flexion to an angle of 75 degrees The right knee on standing w’as held in a posi- 
tion of 175 degrees of extension, and extension was not possible beyond this point 
Flexion of the right knee W’as possible to 55 degrees No redness, heat or spasm 
w^as noted about either knee No sw'clling of the sheath of the tibialis posterior 
muscle W'as noted The patient’s general health w'as good, and examination of the 
other systems of the bod^ ga\e negatne results 

Roentgenograms of both knees failed to show abnormalities The Wassermann 
reaction of the blood was negative The reaction to tuberculin was also negative. 
The sedimentation time of the blood was slightly increased Repeated examination 
of the svnovial fluid gave negative results culturallj, and inoculations in guinea- 
pigs ga\e no CMdence of tuberculosis The Wassermann reaction of the fluid 
of the joint also gave negative results 

In the attempt to prepare the left knee for arthroscopic examination frequent 
aspirations of the knee were done It was never possible, however, to reduce the 
effusion matenall 3 ' because of the rapid accumulation of fluid wnthin it It was 
finall 3 decided to perform an arthroscopic examination of the right knee on the 
basis of the similarity of the pathologic process in each knee and to give the left 
knee lavage for anv therapeutic effect it might ha^ e The \ isualization of the right 
knee w'as excellent and demonstrated the S 3 no\ial h 3 pertroph 3 quite well A 
small area of erosion on the under-surface of the patella w'as well brought out 
w'lth eosin La\age to the left knee was given w'lth over 500 cc of ph 3 siologic 
solution of sodium chloride A biops% specimen from the right knee indicated the 
presence of subacute sj no% itis 

La\age of the left knee had no effect on the magnitude of the effusion, for it 
was necessar\ to aspirate the knee frequent^ The right knee showed about the 
same amount of fluid as was present before arthroscopic Msualization Hence, 
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which was attached near the region of the internal meniscus Several smaller 
masses were felt in the outer part of the quadriceps bursa Tenderness was 
present over several synovial points Fle\ion was limited to an angle of 90 
degrees, and extension exceeded the normal limit of 180 degrees by 5 degrees 
The right knee showed similar hyperextension 

The Wassermann reaction of the blood was negatn e The reaction to the com- 
plement-fixation test for gonnorrhea wms 3 plus The reaction to the tuberculin 
test was negative with all diagnostic dilutions Roentgenograms show’ed the absence 
of a joint body, and the suprapatellar pouch was divided into two compartments 
A sample of svnovial fluid did not show' organisms, and a culture was sterile 
Some Ivmphocytes, polymorphonuclear cells and red cells were noted in a smear 
Repeated aspiration of the knee was done before arthroscopic examination 
Good visualization was had of the knee m the extended position Visualization 
was not possible wnth the knee in the flexed position because of extensive sjnovial 
hypertrophy Tremendous masses of fat were seen, which were irregularly placed 
but were greatest in the region of the fat pads The fat pads were somewhat 
enlarged and were fuzzy on their inner surface The quadriceps pouch was short 
and showed a tremendous formation of vilh The patella seemed normal This 
extreme degree of synovial overgrowth within the joint seemed to justify a diag- 
nosis of lipoma arborescens Several specimens were taken for biopsv, since such 
an overgrowth of the sjnovia is occasionally caused bv tuberculosis adjacent to 
the synovia The pathologist was of the opinion that the fatty masses removed 
for biopsy had come from para-articular tissues and not from the joint itself The 
patient sustained some irritation from the arthroscopic procedure, as indicated by 
increased effusion within the knee, local heat over the joint, and a reaction of the 
temperature, which, going to 102 F on the second daj, vacillated between 99 and 
101 F for the third, fourth and fifth day postoperativ’elv 

Arthrotomy was done two weeks later, on Feb 28, 1934, and the arthroscopic 
observations were verified in their essentials Synovectomv was done, and the fat 
pads and both menisci were removed The menisci were degenerated, and a pannus 
was present at the edges The postoperative course was not eventful 

The pathologic observations were most interesting Grosslj, the specimen 
consisted of the quadriceps pouch, the two menisci and tw'o other pieces of synovia 
removed from the knee All the pieces had undergone a more or less uniform 
pathologic transformation The essential change was the appearance of smaller or 
larger pedunculated, poljp-hke masses attached to the synovial lining by short, 
ihm stalks The polyps were in a sense growths or outgrowths of the tissue below 
the lining of the svnovial membrane Aside from the striking polypoid appearance, 
the svnovia bore the evidence ev'erv where of abnormal change m the same direc- 
tion In some places, there were fine, delicate viUi In other places, shining 
through the sjnovial membrane, there were tinv, whitish but flat miliarj nodules 
At one point in the stibsyiiovial lajer of the pouch a whitish, cartilaginous mass 
about 1 cm in diameter was seen This mass was partly discolored b> brown 
pigment In fact, all of the resected sjnovia was considerablv discolored bv 
hemosiderin pigment, which mav possiblj be associated with the innate character 
of the lesion Fibrin was noted in some areas 

klicroscopicallv, numerous large pedunculated outgrowths of the joint capsule 
lined bj svnovia were observed The dominant cells were those with a small oval 
nucleus and with indistinct cvtoplasni These were for the most part massed 
closclv together in enormous numbers V striking feature was the development in 
more than a few places of intercellular matter, which was probablv hvalin, 
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described sixty-nine cases of osteochondritis dissecans, in three of 
which the site was in the exteinal condyle 

Case 6 — R H , a Negro aged 17, was first seen on Aug 17, 1933, because of a 
gradual swelling of his left knee, which had been manifest for six weeks and 
which had not been induced by any known trauma No pain had been complained 
of Frequently the patient felt that something was slipping on the inner side of 
his knee, but no real locking had taken place Simple straightening of the leg 
removed this sensation Examination revealed moderate effusion within the left 
knee joint On the inner side, medial to the patella and just above the hue of the 
internal meniscus, a pea-sized bodv was felt, which could be slipped in and out 
This manipulation was painful Motions of the knee were normal After the 
aspiration of 75 cc of a yellow-brown, svrupy fluid, this body was more easily 
palpated 

In view of the history and phj'sical findings, a presumptive diagnosis of osteo- 
chondritis dissecans was made Yet the presence of the body near the internal 
meniscus suggested also the much rarer possibility of a tumor, such as a fibroma 
or a xanthoma, arising from the internal meniscus 

The patient was admitted to the Hospital for Joint Diseases on August 21 
The joint body had slipped into the joint space the day before admission, in fact. 
It could no longer be palpated There was now no effusion On motion of the 
knee the synovia gave forth rustling and crackling sounds, indicative of the 
presence of svnovitis No tenderness was present over the region of the internal 
meniscus or elsewhere within the joint 

A roentgenogram of the knee gav'e no indication of foreign body or other 
intrinsic disease of the joint The systematic examination of the synovial fluid 
also gave essentially negative results, this examination included a Wassermann 
test and culture of the fluid and inoculation of a guinea-pig The smear of the fluid 
showed occasional red blood cells and white blood cells The Wassermann reac- 
tion of the blood was also negative 

Arthroscopic visualization with the patient under general anesthesia and 
immediate arthrotomy were done on August 23 Unfortunately, because of a 
faulty electrical connection, it w^as necessary to interrupt the arthroscopic examina- 
tion after a few minutes’ examination Small, continuous shocks were felt by the 
operator, and the patient experienced one involuntary but painless stimulation of 
his knee into extension Yet, ev'en in the brief time of examination, it was pos- 
sible to note through the usual external puncture that the cartilage of the internal 
condyde of the femur was intact, that the internal meniscus w'as normal, that the 
patella was normal and, finally, that the quadriceps bursa was the seat of a 
definite and moderately advanced chronic synovitis 

Before the joint was opened, 20 cc of a 0 05 per cent aqueous solution of 
eosin was injected into the joint, and 15 cc of this was obtained by immediate 
aspiration The usual median parapatellar incision was made A striking and 
unusual picture of disease was now seen The synovia of the bursa was 
moderately inflamed and fuzzy and presented a definite villous synovitis of from 
mild to moderate degree The svnovia was stained a light pink by the dye The 
infrapatellar fat pads were slightly^ enlarged but not injected The hgamentum 
mucosum was a reddish, somewhat inflamed band of tissue Near the junction 
of the midportion and the upper portion of the external condvle a square erosion 
in cartilage about yi inch (2 cm ) square w'as noted, demarcated from the sur- 
rounding normal white cartilage by a light brown border of loose cartilage about 
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although suggestions of osteoid ^\e^e not lacking A moderate number ot epulis- 
like giant cells, hmphocjtes and fat-laden phagocjtes were noted 

<*1 diagnosis of multiple, pohpoid Inahnizing, connectne tissue outgrowths of 
s^no\lal membrane (fibroma) was made 

When discharged se\eral weeks after the operation the patient was able to 
fle\ her knee to 90 degrees There was still some swelling ot the knee In 
August 1934 she had no srmotoms There is still atropln of the quadriceps 
muscle Crepitation is present on motion, and flexion is limited to 85 degrees 
Extension is full 



Fig 10 (case 3) — A high power magnification of a tumor nodule 


CHROXIC XONSPECinc S\XOVmS OF THE KXEE JOIXT 
IX \OUXG P^TIEXTS 

There is a typical disease entit\ of the knee joint in }Oung patients 
which IS perhaps best expressed b} the foregoing title The intohe- 

12 The report also read “Groups of \er\ large pale reticular cells with small 
more or less centralh placed round nuclei, are seen Thee apparenth represent the 
intracellular accumulation of hpoid ” 






866 


ARCHIVES OF SURGERY 


proceeded satisfactonlj , and it was not necessary to manipulate the knee at any 
time 

On September 13 an unsuccessful attempt was made to visualize the lateral 
vessels of the knee by the closed method of arteriography, as advocated by 
Leriche A cuff w'as tied just below the knee to prevent the passage of the con- 
trast medium (thorium dioxide) below the leg The femoral artery was felt 
slipping awaj from the needle, and it was not possible to enter it Instead, a vein 
was entered, and some of the fluid refluxed into the abdominal veins Roentgeno- 
grams made tw'ehe seconds and four minutes, respectively, after the injection 
showed no abnormalitv It W'as intended to determine if an embolic block existed 
in the lateral vessels of the knee 

The fact that the erosion in the cartilage did not reach to the bone apparently 
speaks for a factor acting locallj, such as an unnoted trauma acting on the 
external condyle of the femur when the patella abutted against it in flexion and 

external rotation of the knee In some jiersons the knees in the flexed position 

expose a large part of the femoral cond>les, and e\en wuthout patellar contact it 
maj be possible to exert direct trauma to the cartilage Yet it is well known 
that It IS most difficult to fracture normal cartilage, e\en wuth a strong blow 

The irritation of the joint bodies created a state of chronic sjnovitis This 
sjnoMtis does not necessarilv disappear after the remo\al of the joint bodies, and 
occasionalh it mai be adiisable to remove the diseased synovia by synovectomy 
The remaining portion of the ulcer m the cartilage is said to fill in with fibrous 
tissue or fibrocartilage, so that ultimately only a small depression is noted at the 
site of the disease It is of course well known that cartilage does not heal over 

well Clinically, this is also true, and these joints must always be considered 

as subnormal, with the e\er present possibility of the deielopment of arthritis 
sooner or later In experimental animals a defect in the cartilage often leads to 
widespread arthritis This was proved by the W'ork of Kev,^^ and Burman and 
Sutro A long follow-up of patients wuth this condition should indicate a 
greater frequencj of such arthritic changes 

The patient w'as discharged on September 14 On October 21 he stated that 
he W'as entirely cured A belated roentgenogram of the spleen and liver made to 
determine the presence of thorium dioxide showed no abnormality On October 
24 It W’as noted that extension of the knee was full and that flexion was possible 
to 95 degrees There w’as no swelling and no crepitation on motion Good power 
was present in the quadriceps muscle On December 26 the patient was able to 
walk an unlimited distance and was wnthout symptoms Extension was full, and 
flexion W’as possible to 85 degrees The patient was last seen on April 20, 1934 
His knee showed a slight limitation in extreme flexion but was normal otherwise 
He could pla^ basket-ball, run or walk without disability He considered his knee 
to be entireh normal 

Microscopic exarmnation of the excised cartilage and synovia did not help us 
from an etiologic standpoint The cartilage showed hypercellularity of the super- 
fiaal layers and some localized thickening of the perichondrium The synovia 
showed some mIIous hypertrophy and was the seat of chronic synovitis 


23 Ke^, J A Experimental Arthritis The Changes in Joints Produced by 
Creating Defects m the Articular Cartilage, J Bone &. Joint Surg 13 725, 1931 

24 Burman, S , and Sutro, C T Staining of Cartilage Gross Staining 

b\ Intra-Articular Injection of Dyes in Animals, Arch Surg 27 801 (Oct) 1933 
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tests for s} philis and gonorrhea ga^ e negatn e results The roentgenogram show ed 
an essentially normal picture 

Examination of sjnOMal fluid showed a moderate number of Ijmphocjtes and 
polj^rrorphonuclear cells No bacteria were seen The Wassermann reaction of 
fluid from the joint w’as negatn e Culture of the fluid and inoculations of guinea- 
pigs yielded negative results for tuberculosis The sedimentation time of the blood 
was at a high normal level 

Arthroscopic observation of the left knee was done on Dec 7, 1933 Visualiza- 
tion was perfect An interesting lesion of the svnovia was noted Fringing each 
border of the patella were large, oblong villi, w'hich presented an outer third of 
clear jellovv and an inner, clearlj demarcated two thirds of delicate rose-pink 
The infrapatellar fat pads were slightlj enlarged Some svnovial hjpertrophy 
existed in the quadriceps bursa At the base of the intercondj loid fossa and just 
anterior to it were a large number of small, petal-like villous structures, with the 
same tjpe of coloring noted in the villi about the patella These villi were 
fringed like coral, and their superior edges vv'ere thus slightlv serrated The joint 
cartilage was normal The internal meniscus was well visualized and w'as normal 
No specimen was taken for biopsv Convalescence was uneventful, and the effu- 
sion within the knee did not return 



F g 11 (case 4) — A is an arthroscopic view of the left knee joint, showing 
large, oblong-shaped villi fringing the patellar border The outer third of each 
villus IS a clear yellow and is clearlj demarcated from the inner tvvo-thirds which 
IS rose pink The cartilage of the under surface of the patella is normal B shows 
a large number of coral-like vulli, serrated at their tips, seen at the base of the inter- 
condyloid fossa They are colored as the oblong villi about the patella 

Arthroscopic examination of the right knee was done two weeks later At this 
time no effusion was present in the left knee The right knee joint was clearly 
visualized The observations were in mam wajs similar to those seen m the 
opposite knee The sjnovial villi about the patella were diaphanous and showed 
onlj a suggestion of the unusual coloring noted in the other knee The oblong 
shape of the villi vvas noted On the medial aspect of the joint there was a large 
collection of Unckened and roughlj oblong v illi, so that v isualization of the internal 
meniscus vvas incomplete The suggestion of the unusual coloring w'as noted here 
too The base of the mtercondv loid fossa did not show the svnovial villi noted m 
the left knee Otherwise, the observations on the rest of the joint corresponded 
with those on the left knee The biopsv specimen showed the presence of non- 
sjiecific chronic sv nov itis 
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may have a soft, thick or even semifluctuant feel, so that its growth 
beneath the patella in the case of Nodet gave the impression of 
pseudoballottement The tumor ma)' slip in and out of the joint on 
motion, or it may be forced manually into the joint The location 
varies, though it is often located near the alai ligaments It may aiise 
from the quadriceps buisa or it may be felt m the popliteal fossa In 
Hei hold’s case, the tumor was attached by a pedicle to the anteiior 
cruciate ligament Motion of the knee joint is usualty not limited, but 
in Auvray’s case flexion was limited to 90 degrees both actively and 
passively 

While the presence of the tumor is confirmed at operation, the 
small incision used for its lemoA'al does not allow an adequate survey 
of the entire joint, so that many authois, while mentioning sjmovial 
nutation as a possible etiologic factor, m.ide no note of the state of 
the sjmovia In Zulbg’s case a lipoma was i emoc ed at one point 
within the joint, but it recurred at another point 

Mixed tumor may occur The tumor may be both mti a-articular 
and para-articular, as in Campbell’s case However, in this case the 
diagnosis cvas roentgenologic, and the supposed masses of fat, ivhich 
cast a dense shadow on the roentgenogram, were not verified by open- 
ing the joint Malignant change to liposarcoma took place in Auv- 
ray’s case, and Blagovieshtshenski was cited by Auvray as having 
described a case of liposarcoma of the knee joint We do not know 
whether the growth was a solitary tumor 

The tumor in the case of Simon,*® which is considered to be the 
first case described, was apparently not a lipoma but a fibroma Volk- 
inann,*'^ then, is to be given prioiity for the first description of solitary 
lipoma of the knee Filter,*® Otterbeck,*® Annandale Bai well,*® 

31 Nodet, V Le faux choc rotiilien dans un cas de Iipome du genou, Province 
med , Lyon 10 492, 1896 

32 Auvray Lipo-sarcome pnmitif intraarticulaire du genou, Bull et mem 
Soc de chir de Pans 46 534, 1920 

33 Zullig, J Tumoren der Kniegelenkkapsel, Cor -Bl f schweiz Aerzte 47 
1368, 1917 

34 Campbell, D Tntra- und extraartikulare Lipome des Kmegelenks, 
Fortschr, a d Geb d Rontgenstrahlen 37 852, 1928 

35 Blagovieshtshenski, D A Dendroid Lipomatous Tumor of the Knee Joint, 
Khirurg Arkh Veljaminova 27 653, 1911 

36 Simon, G Exstirpation einer sehr grossen, mit dickem Stiele, ange- 
A\achsenen Kniegelenkmaus mit glucklichem Erfolge, Arch f khn Chir 6 573, 
1865 

37 V olkmann, quoted bv Stieda -•* 

38 Annandale, T An Address on Internal Derangements of the Knee Joint and 
Their Treatment by Operation, Tr Med -Chir Soc Edinburgh 6 78, 1886-1887 

39 Barwell, quoted b\ Annandale 
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three weeks later a synovectomy of the left knee was done Pathologic examina- 
tion of the excised tissue revealed nonspecific chronic synovitis An interesting 
sympathy was noted m the subsidence of the effusion of the right knee after the 
synovectomy of the left knee Symptoms m the right knee also disappeared The 
patient was discharged on March 6, 1934 

It was necessary to admit the patient again m the latter part of October because 
of the recurrence and persistence of fluid in the right knee A synovectomy was 
done on this knee 

An interesting point in the history during the interval related to a transient 
swelling of one sternoclavicular joint in June This swelling subsided promptly 
without treatment No evident focus of disease has been found The patient has 
been followed up regularly in the outpatient-department Motion m both knees is 
good, albeit with slight limitation in flexion Fluid has recently reappeared m the 
left knee (April 1935) controlled by a simple compression bandage One dis- 
turbing feature has developed, epididymitis of unspecific origin The patient gets 
about well and wishes to go to a camp of the Citizens’ Conservation Corps 

It IS important to differentiate the condition in this group of cases 
from specific disease of the knee joint and from those nonspecific 
diseases of the knee joint which simulate a specific disease and are 
accompanied by local inflammation or the definite signs of the disability 
of the knee after trauma This group is limited to a small percentage 
of cases of involvement of the knee A long follow-up in this type of 
case may ultimately disclose involvement of other joints, the usual 
nature of the arthritic process being delayed or masked by the pre- 
dominant disease of the knees 

OSTEOCHONDRITIS DISSEC-VNS 

Case 6 was noteworthy because of its unusual features and because 
of certain points of view regarding etiology and treatment which it 
brought up Although Conway,^® Fairbank,^® Balensweig,^’^ Fihppi,^® 
Delchef,^® Heme,-® and Niessen described cases of osteochondritis 
dissecans of the external condyle of the femur, in none was there a 
location of the disease process similar to that in this case Hellstrom 

15 Conway, F M Osteochondritis Dissecans, \nn Surg 99 410 (March) 
1934 

16 Fairbank, HAT Osteochondritis Dissecans, Brit J Surg 21 67, 1933 

17 Balensweig, I Osteochondritis Dissecans of the Knee, J Bone & Joint 
Surg 7 465, 1925 

18 Filippi, G Contribute alio studio della osteocondrite dissecante (Konig), 
Chir d org di movimento 16 35, 1931 

19 Delchef, quoted by Fairbanks® 

20 Heine, J Beitrag zur Pathogenese der Osteochondritis Dissecans, 
Deutsche Ztschr f Chir 206 119, 1927 

21 Niessen, H Ueber symmetnsche Osteochondritis dissecans der lateralen 
Femurcondylen, Beitr z klin Chir 143 159, 1928 

22 Hellstrom, John A Few Experiences m Reference to Osteochondritis 
Dissecans, Acta chir Scandinav 74 ^ 27 , 1934 
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excursion It was located at the lower pole of the patella It was thought that the 
tumor rmght come from the external lat pad, although it seemed to be placed too 
high Slight atrophy of the quadriceps muscle %vas present Motions of the knee 
ivere complete but crepitant The left knee also showed crepitation on motion 
Both feet, especiallj the right, were painful, and without shoes, the patient 
w'alked with a perceptible limp There was marked atrophj^ of the muscles of 
both cahes, so that the patient could not stand on tiptoe \vell Tenderness w'as 
present o\er the tuberosity of the fifth metatarsal bone of the right foot, just 
behind the tuberosit} and o\er the entire shaft of the fifth metatarsal bone Ten- 
derness ivas also present o\ er the external aspect of the ankle and o\ er the medial 
aspect of the heel The metatarsal heads were also tender The peroneal tendons 
were slightly taut Imersion of the foot w'as limited, and subastragaloid motion 
was defimtelj painful and limited Forced inversion increased the pain, especially 
in the region just behind the tuberosity of the fifth metatarsal bone Some swelling 
was present around the ankle joint, around the subastragaloid joint and in the 
region of the ball of the foot Dorsiflexion of the foot was possible to an angle 
of about 90 degrees klild pronation of both feet was present 

A general and neurologic examination of the patient ga\e negatne results 
A roentgenogram of the right knee show'ed no abnormality A diagnosis of gonor- 
rheal arthritis of both knees and both feet w'as made The tumor was considered 
to be either a lipoma or a fibroma, probably the former 

The tumor, which was removed with simple local anesthesia a few days later 
at the Hospital for Joint Diseases, arose from the region of the lower pole of 
the patella as a discrete mass of fat w'hich slipped m and out of the joint, as noted 
on examination There were marked hy'pertrophy and some inflammation of the 
synoMa and fat near the fat pads The s\novia in general was definitely^ abnormal, 
in that It was red and h\pertrophic in places The joint cartilage was normal 
Both fat pads were slighth enlarged The external meniscus was normal It 
was rather difficult to remove the tumor because it had not been transfixed It 
was a true lipoma the origin of w'hich was the external alar ligament 

The postojieratu e course was not e\entful klicroscopic examination of the 
excised tumor pro%ed its lipomatous nature On Ma\ 29, nineteen days after the 
operation, the patient walked 7 miles (4 3 kilometers) On June 7, the right knee 
show'ed full motion and less crepitation than before The tumor was no longer 
palpable No complaints ware referable to the knee 

Case 8 — The patient w'as a Negress, aged 39, w'ho until seven months before 
her visit to the clinic was perfectly well A.t this time, she fell while walking, 
striking her right knee Pain was verv mild at first, but this gradually^ increased 
in severitv The knee, which had become swollen at the time of the accident, 
remained swollen, and at the end of a month the knee was somewhat stiff A 
month after this, the patient noted a lump m her knee, wffiich moved about with 
motion of the knee She had been able to climb stairs and to walk on uneven 
ground only bv holding the knee stiff 

The right knee was about inch (0 6 cm) larger m circumference than the 
left and showed a small effusion A rounded mass was felt on the medial aspect 
of the patella, w'hich slipped in and out of the space between the patella and the 
internal condvle of the femur as the knee was flexed and extended The mass 
measured 1 bv inch (2 5 by 2 cm) and was smooth, rounded and definitely 
firm In the course of its slipping it produced temporary locking, causing tempo- 
rarv severe pain In the flexed position of both knees at an angle of ISO degrees 
rmld lateral instabilitv was present, with some bonv grating 
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%G J»cli (015 cm) wide Withm this erosion the base of which was not bone 
but an irregiilarh papillated cartilage, were two free fragments of normal-appear- 
ing cartilage of equal size The d\e had stained the eroded area a light pink, 
wdiereas the normal cartilage had not been stained The cartilage of the internal 
condvle was normal, and no area of dissection was noted in it In addition, a red 
fibrous membrane of heaii pannus spread out from the anterior cruciate ligament 
and attached itself along the free border of the internal meniscus along its entire 
length Beneath this and over the internal cond%le of the tibia, another square 
piece of w'hite cartilage, about 54 inch square, was noted Another bodv, the size 
of half a pea, was observed between the outer part of the external coudjle of the 
femur and the lateral smoMal expansion Both menisci were intact 

Both free bodies w'ere easilj remoied from the ulcer m the cartilage in the 
external condile The loose brownish border was excised at its junction wnth 
normal cartilage The small bodj lateralH was also remoied A slit w'as made 
in the reddish membrane, and the bodj over the internal condvle of the tibia was 



Fig 12 (case 6) — A drawing of the opened knee, illustrating the pathologic 
changes noted m the knee The ulcer of the external condjle of the femur, with 
its two pieces of cartilage, is evident The reddish, fibrous pannus extends from 
the anterior cruciate ligament to the internal meniscus, attaching along the entire 
free border It co^ers o\er another loose piece of cartilage the origin of w'hich 
IS probablv from the internal condvle of the tibia 

taken out Its origin, presumabh from the internal cond^le, could not, howe\er, 
be \erified bN direct inspection, since this wmuld ha\e necessitated a close Oissec- 
tion of the pannus, a thing which was not considered adMsable A s^no^ectomJ 
was done b% which the sjnoMa w’as removed from the bursa under the quadriceps 
tendon and its lateral expansions, and the inner fat pad was remo^ed The 
altered ligamentum mucosum was not touched 

The wound was closed in lavers, and a cast was applied from the toes to the 
groin Con\ alescence was une\entful, the highest peak of temperature being 
1014 r B\ the tw'elfth dav there was no further rise from the normal The 
cast was remo^ed soon afterward, and actne motion of the knee was begun This 
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present about the knee The patient felt the knee to be weak and therefore used 
crutches On April 7 the angle of greatest extension was 180 degrees and the 
angle of greatest flexion was only 90 degrees Attempt at further flexion was 
painful In November 1934 the knee was no longer swollen, but it was still 
crepitant on motion Flexion was almost full The patient still complained of 
some pain On her last visit, on April 20, 1935, she complained of pain m her 
knee on going up and down steps and m rainy weather She walked with a slight 
right-sided limp jMotion was complete but slightly crepitant The patient was 
satisfied with the end-result 

SYMPATHETIC S'i NOVITIS OF THE KNEE JOINT ARISING 
FROM AN ADJACENT BONY FOCUS 

Case 9 — Le Roy D, a Negro aged 15, was seen m the clinic on Dec 5, 1933, 
because of a swelling of his right knee, which had appeared recently without 
trauma A year previousl}' he had noted a similar swelling, which had promptly 
subsided Examination of the joint after aspiration of 150 cc of yellow synovial 
fluid gave essentially negative results A Wassermann test of this fluid caused a 
reaction of 4 plus On December 9, 60 cc of synoiial fluid was aspirated, on 
this occasion and on two other occasions shortly after that the IVassermann reac- 
tion of the fluid was negatne The Wassermann and Kahn reactions of the blood 
were also negative The reactions to tuberculin were negative This thorough 
serologic check-up caused us to discard a presumptive diagnosis oi syphilitic 
arthritis The patient was admitted to the Hospital for Joint Diseases on Jan 15, 
1934, because of disability of the knee Slight pain was complained of, and some 
limitation of motion due to the accumulation of fluid w'as noted 

The patient walked with a mild right knee limp The knee could not be 
extended fullj, and the angle of greatest extension w’as 175 degrees, whereas the 
angle of flexion was 60 degrees A patellar ballottement was present, and some 
periarticular thickening w’as noted No tenderness was present in or about the 
joint Definite pain was complained of over the tibia about 3 inches below the level 
of the joint line, especially about the posterior jiorfion of the tibia The muscle 
of the calf was tender Heat and some swelling of the soft tissue were felt over 
the tibia, especially jKJSteriorly Tenderness was very marked about 4 inches 
(10 cm ) below the joint line, and a mass could be felt on the inner side of the 
tibia 

The latter findings had not originally been noted, nor were thej present at the 
previous examination A roentgenogram of the right knee, which had been made 
in the clinic, had been interpreted as shownng no abnormalities, but on recon- 
sideration at this time there was seen in the lowermost part of the tibia represented 
on the film, about 3 inches below the knee joint, a peculiar shadow of sclerosis 
Other roentgenograms, w'hich visualized the entire tibia, show'ed circular areas of 
density in the proximal one third of the bone projecting into the medullary cavity 
from the posterior portion of the substantia compacta Sclerotic borders defined 
fairlj well these areas of density The cortex at the junction of the proximal and 
middle two thirds of the shaft was distinctly thickened The periosteum was 
normal The medullary cavity show^ed no further changes Ho formation of new 
bone was noted in the soft parts 

A clinical diagnosis of abscess of the bone of the tibia was made, wEiIe a roent- 
genologic diagnosis of hemorrhagic osteomyelitis was given The sjnovial 
effusions appeared to be due not to any intrinsic disease of the joint but to a sympa- 
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SOLITARY LIPOMA OP THE KNEE JOIYT 

We have had the opportunity of observing two cases of solitary 
intra-ai ticular lipoma of the knee joint This is an uncommon tumor 
of the knee joint the primar}^ clinical importance of which lies in the 
fact that It acts as a mechanical block to motion producing repeated 
temporarj locking It is our opinion that the solitarj lipoma arises m 
the presence of other diseases of the synovia and that it is such 
synoMal irritation which raiel) allows a sinoiial villus to proliferate 
so that a true lipoma is formed This corresponds in general w ith the 
ideas of Otterbeck and Filtei -** and is m accordance w ith clinical 
obsenations We do not take much stock m the theory of Koing 
that a solitary lipoma arises through rupture of the s\ no\ lal membrane 
with nitra-articular protrusion of subcapsular fat 

According to Stieda - " only tw eh e cases had been desci ibed up 
to 1896, and since then less than an equal number haie been reported 
m the literature Gesclnckter m a rei lew of cases of lipoma and 
hpoid tumois, noted lipoma of a joint in seien of a group of se\ent} 
cases of lipoma of the breast and Mscera Occasional!} , and m eailiei 
reports, some confusion of a sohtaiy lipoma with enlargement of the 
infrapatellar fat pads (Hofta’s disease) is noted 

While a history of direct trauma may be obtained such as a direct 
fall on tlie knee, it is most likely that the trauma came about either 
coincidental!) or as a result of the interposition of the tumor between 
the bony sui faces of the joint This certain!) was true in our second 
case and w’as definitel) proied in the case of Herhold,-'' in wdiich the 
I'atient, a cannoneer, had noted a tumor before the gross trauma 
occurred wdnch brought him to consult the physician The tumor occurs 
at all ages and m both sexes Pam is rariable It may not be present 
or it may be severe, especially at the moment of temporary locking 
The swelling of the knee may be due to effusion to the piesence of 
the tumor, to the presence of coexisting sMiovial disease or to a com- 
bination of these factors 

The lipoma may rest dormant or its gradual growth ma) inteifere 
with motion Its size Aaries, a maximum of 3^4 inches (9 cm ) baling 
been reached in the case of Hunt The tumor is w ell outlined and 

25 Otterbeck, W Freies Lipom im Kniegelenk, Inaug dissert , Bonn, J 
Bach 1892 

26 Filter, Ueber solitare Lipoma des Kniegelenks und ihre Ursachen, 

Inaug dissert, Greifswald, J Abel, 1890 

27 Stieda, H Ueber das Lipoma arborescens des Kniegelenks und seme 
Bedeutung zu chronischen Gelenkaffektionen, Beitr z klin Chir 16 285, 1896 

28 Geschickter, C F Lipoid Tumors, Am J Cancer 21 617, 1934 

29 Herhold Zur Frage des Lipoma Genu Arch f klin Chir 52 705, 1896 

30 Hunt, EH A Case of Lipoma of the Knee, St Barth Hosp J 9 121, 
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Microscopicallj , spindle-shaped connective tissue cells were present as the pre- 
dominant cell element, arranged compactly and often interlacing Numerous 
drawn-out multinuclear cells were seen throughout sections of softer tissue The 
discoloration of the tissue was due to blood pigment A scattering of poljmorpho- 
nuclear cells and mononuclear cells %vas seen Some of the surrounding bone was 
sclerotic The lesion m itself was not bone-forming A pathologic diagnosis of 
an intramedullary fibrous tissue lesion, which might possibl}^ be considered as a 
giant cell variant, was made 

The postoperative course was uneventful Examinajtion of the knee on 
February 1 demonstrated no patellar ballottement On February 3 arthroscopic 
examination of the right knee was done to determine if any mtra-articular lesion 
existed Good visualization of the joint was obtained, and a moderate increase m 
fat was noted, especially in the form of large, irregular villi in the region of the 
fat pads A thin, brown pannus was seen running vertically just above the mter- 
condjloid fossa No other significant findings were noted The sjno\ial change 
was considered to be the result of repeated effusion 

The limb was kept immobilized m a cast for three months, at which time the 
patient was allowed up On May 5, after he had been up and about for a month, 
a return of effusion was noted in the knee About 20 cc was aspirated The fluid 
was again aspirated, and on the last examination several months later fluid w as still 
present in a small amount The bony focus of disease W'as healing w'ell 

As far as it can be determined m this case wuthout actual arthrotomj, the 
effusion w'lthin the knee seems to have been due to the subjacent bonj focus, a 
sjmpathetic sjmovitis This condition is not uncommon and has occurred in manj 
cases of juxta-articular lesions, including fracture, infection and tumor Yet it 
was imperative here to rule out an actual lesion of the knee, and this was done bj 
arthroscopic visualization 
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Wen/® Stieda, Fishei,^^ Wagner ,■*- Lauenstein/® and Bland-Sutton 
also desciibed cases 

The exact diagnosis is sometimes difficult, even if solitaiy lipoma 
IS thought of An exact preopeiative diagnosis may be difficult, since 
a fibroma, a chondroma, a pedicled sarcoma, a xanthoma, an angioma, 
a pedicled saicoid, a meniscal cyst or tumor, a synovial cyst or an 
ordinary rounded joint body may produce a similar pictuie of disease 
The consistency of the tumoi, the chaiactei of the synovial fluid, which 
may be bloody with angioma, xanthoma or sarcoma, may help in the 
diagnosis A high value for cholesterol in the blood is not uncommon 
with xanthoma, and a detei mination of the cholesterol content of the 
blood should be carried out in every doubtful case The piesence of 
hypercholesteremia may be a guide to an exact diagnosis The roent- 
genogiam usually fails to show an abnoimahty, although it is possible 
that the fat may cast a shadow, especially if calcium is deposited 
within it 

Treatment is surgical and consists in the removal of the tumor 
The tumor should be transfixed by tw'o needles just before the S3movia 
IS entered, otherwise, it may be difficult to locate it properly The 
ultimate fate of the joint rests on the coincident pathologic piocess 
m the joint 

Cask 7 — Raoul D , a man aged 24, a Santo Domingan who had recently come 
to New York, was seen first on May 1, 1933, because of pain in his feet While 
m Santo Domingo, one and a half years previously, he had gonorrhea, for which he 
was treated rather perfunctorily He was in bed for three months because of 
the development of acute gonorrheal arthritis of the left knee No treatment was 
given, and the disease subsided spontaneously Motion in the knee was restored 
by active exercises instituted on the patient’s own initiative The right knee was 
not involved, according to his statement He had received intravenous injections, 
apparently for syphilis, at another hospital The gonorrheal urethritis was cured, 
but since getting out of bed the patient had had pain in both knees and both feet 
He was given orthopedic shoes by a chiropodist, and two and a half weeks later 
he first noted a small tumor on the outer side of his right knee This slipped in 
and out on motion There was no trauma at any time to the knee 

A tumor the size of a dime was noted on the external aspect of the right knee 
joint The tumor was not painful on pressure and had the consistency of thickened 
fatty tissue It slipped in and out of the joint between the angle of 180 and that 
of 170 degrees of motion and caused neither pain nor temporary locking in its 

40 Weir, R F On Fatty and Sarcomatous Tumors of the Knee Joint 
Rec 29 725, 1886 

41 Fisher, ACT Internal Derangements of the Knee Joint, New York, 
The klacmillan Company, 1924 

42 Wagner, A Ueber Lipome des Kniegelenks, Iiiaug dissert , Konigshutte, 
R Giebler, 1887 , quoted by Herhold ad Stieda 

43 Lauenstein Centralbl f chir 11 1, 1884, quoted by Stieda-'* and Weir'”' 

44 Bland-Sutton, J , quoted by Herhold =*' 




Fig 2 — Roentgenogram taken m March 1935 of the right knee joint, showing 
the appearance of the site of a benign giant cell tumor eleven years after operation 
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General examination gave negative results except for a large uterine fibroid 
Years ago she had received antis>phihtic treatment Recently the Wassermann 
reaction of the blood had been negative 

A joint bodj% possibly a chondroma or fibroma, was thought of It was also 
suggested, in view of the mild lateral instability with bony grating (in the flexed 
position), that a Charcot knee be considered A roentgenogram of the knee did 
not show abnormalities, and this diagnosis was discarded 

On Jan 24, 1934, an arthroscopic examination and arthrotomj were done The 
arthroscopic procedure was done to determine the possibilities of visualization of 
such a tumor and also to determine the general state of the joint Experience in 
the previous case had taught us to expect other intra-articular pathologic changes 
Chronic mHous synovitis was noted in the joint The region of the fat pads and 
the bottom of the joint could not be well examined The tumor on the medial 
aspect of the joint was visualized indistinctly, especially when it was forced into 
the joint on external pressure Its edges could not be determined Its surface 
was white with red streaks over it The mass was much too large to be seen in 
one area of vision In general arthroscopic examination of the joint w^as not very 
satisfactory 



Fig 13 (case 8) — A photograph of the lipoma removed from the knee joint 

The tumor was transfixed by two needles before the joint was entered and its 
removal was made easier by this transfixion The tumor was encapsulated, It 
was the size of the yolk of an egg, and it entered the joint from the superior 
internal angle of the patella Its exact point of origin was not determined through 
the small incision used for its removal No note w'as made of changes in the 
synovia or of other pathologic change within the joint, and indeed the incision was 
much too small for a good view of the interior of the joint The microscopic 
examination of the tumor showed an encapsulated growth of fatty tissue in the 
form of a slightly^ flattened disk 3 5 cm in diameter Histologically', it was a 
lipoma 

The postoperative course was uneventful It was difficult to establish motion 
because of severe pain m the knee and because of persistent swelling A roent- 
genogram made on March 22 showed marked atrophv' of the bones of the knee 
joint The angle of greatest extension, both activ'ely' and passively, was 180 
degrees, flexion was almost normal then No definite points of tenderness were 





Fig 3 — Photomicrograph of a section of a benign giant cell tumor removed in 
May 1934 Magnification, X 300 



Fig 4 — Photomicrograph of a section of dense fibrous marrow removed from 
the site of i giant cell tumor in March 1935 A focus of small foreign bodj giant 
cells IS seen These are most hkeh a part of the chronic healing process, in which 
fibrous tissue is slowh being replaced by spongy bone and marrow Magnifica- 
tion, X 300 
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thetic irritation from the old but now active focus of disease in the bone This 
opinion was held despite the distance of this focus from the joint, since no other 
diagnostic possibility presented itself 

Operation on January 17 by Dr N Ransohoff revealed a cystlike mass in the 
upper and outer posterior aspect of the tibia, lined with a raspberry-Iike membrane 
Some fluid was encountered which looked like pus and which on smear show’ed a 



Fig 14 (case 9) — Note the cavitation in the posterior portion of the tibia It 
is sharplj demarcated by sclerotic bone No evidence of adjacent periostitis is 
seen 


few pus cells but no organisms An ostectomy was done Culture of the tissues 
was sterile A culture of one piece of bone was sterile, whereas a culture of 
a piece of another bone showed a micrococcus and a diphtheroid bacillus in forty- 
eight hours , these were probably contaminants 


PARALYTIC DISLOCATION OF THE HIP 


HENRY MILCH, MD 

AND 

H HOWARD GREEN, MD 

NEW \ORK 

The problem of therapy presented by paralytic dislocation of the hip 
causes every orthopedic surgeon many moments of uneasiness and doubt 
Difficult as the treatment of this condition has always been, tbe dilemma 
m which the surgeons of an eailiei generation found themselves could 
still be resolved moie readily than that of the modem surgeon In his 
leview of the condition, Sevei ^ divided cases of paralysis of the hip 
into three categories The first group consisted of cases of the early stage, 
in w Inch mild paralysis without dislocation existed In these the prognosis 
was good, and the treatment consisted of the correction of deformities 
and the application of a plastei or a biace The second group consisted 
of cases in which a reducible paralytic dislocation existed The prognosis 
was not as good as that m the former gioup, but the treatment consisted 
of correction of the contractures and the application of a brace or a 
plaster In the third group of cases, those of the irreducible paralytic 
dislocation, the prognosis was bad, and fusion was recommended after 
correction of the contracture There was really no great problem, and 
no discriminating choice of procedure was either necessary or possible 
But since the increase of the surgical horizon by means of the Jones 
operation, the Lorenz method of bifurcation, the Schanz osteotomy, the 
shelf operations described by Gill and Albee, the Dickson method of 
transplantation of muscle, etc , the choice of method has become serious 
and vital The surgeon must constantly face the question whether con- 
servative or radical treatment should be employed In the event that 
operation is deemed necessary, he must determine whether mobility is 
invariably to be sacrificed in favor of stability or whether the eflrort to 
conserve both functions is justified 

From some of the reports m the literature the impression may be 
gained that the latter alternative is to be preferred to the former Elzinga 
and Key - after a study of twenty-six cases, in eight of which an opera- 
tion was performed, stated categorically “The operation recommended 
IS the shelf operation ” Jones “ reported four cases m which the opera- 

From the Hospital for Joint Diseases, service of Dr Harry Finkelstein 

1 Sever, J W Boston M & S J 185 313, 1911 

2 Elzinga E , and Key, J A J Bone & Joint Surg 14 867, 1932 

3 Jones, Ellis J Orthop Surg 2 183, 1920 
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The literature contains few reports dealing with the sites of giant 
cell tumors long atter operation, and there has been much cuiiosity 
as to the t3pe of tissue filling the defects 

Herendeen ^ reported a series of six cases observed for from five 
to ten yeais in which the diagnosis of giant cell tumor was made from 
roentgenograms only After roentgen therapy the symptoms disap- 
peared, but subsequent roentgenograms revealed considerable abnor- 
malities still existing in the bon)' structure Although varying degrees 
of filling in by cancellous bone had occurred several years after the 
patients first came under obsertation roentgenograms still showed a 
picture which was atypical of giant cell tumor No biopsies had been 
performed during the follow-up periods 

The purpose of this report is to record an instance of benign giant 
cell tumor of the upper end of the tibia in which histologic studies were 
made on material removed at the first operation and in which material 
for histologic stud) was obtained eleren years later at a second opera- 
tion, performed on the same region because of recurrent pain and per- 
sistent abnormal roentgenographic findings of reduced density at the 
site of the tumor 

REPORT OF A CASE 

W H, a white man aged 42, was admitted to the service of Dr D B Phemister 
at the Presbjtenan Hospital on May 29, 1924 Roentgenograms of the right knee 
showed a well circumscribed oral area of reduced density imolving the upper 
mesial aspect of the metaphjseal and epiphyseal regions of the tibia Clinical 
diagnosis indicated a benign giant cell tumor At operation the anteromesial 
aspect of the upper portion of the tibia w’as exposed through a linear incision, 
and the lesion was removed for the most part en masse, together with a portion 
ot oierljmg cortex The walls of the resulting cavity were then curetted and 
the wound closed without drainage During the six months following operation 
ten roentgen treatments were gnen A sinus discharging a serous fluid de\ eloped 
in the wound shortU after operation and persisted for several months, but it 
finalh healed spontaneouslj 

From the Department of Surgerj of the Uniiersitj of Chicago 
I Herendeen, R E Results in Rontgen-Raj Therapj of Giant-Cell Tumors 
ct Bone Ann Surg 23 398 (Jan ) 1931 
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a definite contracture of the adductor, the external rotator and the extensor 
muscles of the hip The left hip was dislocated posteriorly, and there was a con- 
tracture of the flexor and adductor muscles The pelvis was tilted upward on the 
left side On the right side roentgenograms showed a good acetabulum, with 
slight changes in the head and neck of the femur , on the left side roentgenograms 
showed a poor acetabular shelf, with dislocation of the head of the femur posteri- 
orly and changes both m the head and in the neck of the femur (fig 1) A num- 
ber of unsuccessful attempts were made at reduction of the dislocation by means 
of skeletal traction The Roger Anderson type of traction was then applied to 
correct the pelvic obliquity, and tenotomy of the adductor muscles W'as per- 
formed This was partly successful, and a Hessing brace was applied with the 
leg in abduction The patient Ined in another state and has not been heard from 
since 

Case 2 — M S, a girl aged 10 jears, was first seen in September 1933 At 
the age of 6 weeks she had whooping cough, wuth a cerebral complication w'hich 
led to convulsions At the age of 2^4 years a cerebral blood clot w'as removed, 
and thereafter the patient made slight improvement For the past several jears 
the right hip and knee had been flexed and adducted over the opposite leg About 
three weeks before she was admitted to the hospital the child suffered one of her 
periodic “attacks,” during w’hich the left leg w’ent into spasm m extension, w'hile 
the right leg was flexed Shortly after this the mother noted that the right leg 
was becoming shorter Examination disclosed a typical flexion-adduction deform- 
ity of the right leg, with dislocation of the hip Roentgenograms showed a dislo- 
cation of the head of the right femur, which w'as deformed, and a shallow 
acetabulum with a poor acetabular roof, those of the left hip showed a slight 
flattening of the head, with a w'ell formed acetabular shelf An operation was not 
performed because of the general neurologic condition 

Case 3 — I K , a boy aged 9 years, was admitted to the hospital in December 
1933, with a history of spastic triplegia since birth Tenotomy had been per- 
formed elsew'here several times, and the patient came under treatment primarily 
for the condition of the left hip The left leg was held in marked adduction, while 
the right leg w’as in abduction and external rotation Roentgenograms showed an 
apparently normal right hip, with dislocation of the left femur upward and for- 
ward The acetabulum was shallow and irregular in contour, the acetabular shelf 
was deficient and the pelvis was tilted upward on the left side owing to weakness 
of the abdominal and spinal muscles A shelf operation was performed, with 
transplantation of the tensor fasciae latae muscle, and thereafter turnbuckle casts 
were applied, with the object of maintaining the reduction However, as soon as 
the traction straps were removed the deformity returned, in spite of the fact that 
an excellent shelf was to be seen The roentgenogram made by Dr Pomeranz 
showed that the acetabular shelf projected well beyond the head of the femur and 
extended dow'n to the region of the great trochanter, encircling the proximal 
extremity of the femur The head of the femur appeared to be subluxated slightly 
upward as compared with the plate made previously Because of the low grade 
of mentality and the lack of cooperation, no further operative procedure was 
deemed advisable, and the patient w'as transferred to a convalescent home 

Case 4 — F A , a boj , aged 8 years when he was first treated at the hospital 
in 1928, had been afflicted with poliomjelitis three years previously and had 
residual parahsis involving the back and both lower extremities The spinal 
muscles on the right side were stronger tnan those on the left There was a 
slight flexion deformitj at the left hip but no evidence of dislocation Except for 
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The patient remained free from symptoms until the spring of 1934, when dull 
pain, related to physical activity, was experienced in the upper part of the right leg 
It graduallj became aggravated until March 1, 1935, when the patient was again 
seen Phisical examination repealed nothing abnormal except m the upper part 
of the right leg Here the linear scar appeared healed, there was no erythema 
of the skin or visib’e swelling On palpation there was some tenderness on the 
mes al side of the tibial tubercle, and the underlying bone felt roughened The 
motions of the knee were not impaired There was no evidence of excess fluid 
in the knee joint Roentgenograms of the upper portion of the tibia revealed a 
rather large oval multiloculated area of reduced densitj, with irregular longi- 
tudinal streaks of increased density and a dense cortex at the lateral margin of 
the lesion When the new roentgenograms were compared with those taken 
eleien vears previouslj, some reduction in the size of the lesion, due to irregular 
filling m by both dense and cancellous bone, was noted The mesial cortex also 
I appeared considerably thicker The clinical diagnosis was either a recurrent benign 
giant cell tumor or recurrent osteomyelitis at the site of the tumor 

At the second operation, on March 2, 1935, the anterior surface of the upper 
3 inches (7 5 cm ) of the tibia was exposed through a linear incision, and the 
periosteum was reflected mesially and laterally A window V/i by 1 inch (3 8 by 
2 5 cm ) was excised through the cortex, exposing cancellous bone There was 
no gross e\idence of tumor The cancellous bone was penetrated laterallj, and 
an oval area filled with fibrous tissue was found and cleaned out After more 
cancellous bone was removed mesially, a cavity about Yz inch (1 3 cm ) m diameter 
was entered and found to contain very spongy bone and fatty and fibrous marrow 
The periosteum yvas then approximated by catgut sutures and the skin sutured 
yvith silk The conyalescence yvas uneventful 

Cultures of some of the tissue removed at operation remained sterile 

Histologic Examimtion — Sections made m 1924 from the tissue then removed 
and more recent sections made from blocks cut from the preserved material 
revealed a typical benign giant cell tumor with rather large spindle cell stroma, 
throughout which were scattered numerous large foreign body giant cells Some 
sections from the margins of the lesion, however, revealed nothing suggesting 
a benign giant cell tumor but showed instead a rather dense fibrous stroma in 
which were scattered numerous large fat-filled macrophages (foam cells) Such 
a picture is consistent with what has been described as xanthoma of bone We 
have observed such areas in sections of marrow bordering various types of primary 
and secondary neoplasms in bone, and we feel that the appearance is due to 
degeneration of the fatty marrow as a result of direct pressure or of tumor 
infiltration or that it represents a late stage in the resorption of extravasated 
blood Thus, sections from all portions of a lesion should be studied before the 
diagnosis of xanthoma of bone is made 

Sections of the tissue removed from the oval area on March 1, 1935, revealed 
a dense fibrotic marrow, in which fibroblast nuclei were not numerous At the 
margins of this tissue there were coarse trabeculae of cancellous bone The rela- 
tion of the latter to the dense fibrotic marrow suggested that the areas of fibrosis 
were being gradually and yer 3 f slowly replaced bj' cancellous bone such as filled 
the other cavity The fibrotic areas also exhibited scattered small foci of small 
foreign body giant cells, with which were a few round cells These cellular foci 
"ere about the border of the fibrous area and probably were associated with the 
c ironic transformative change and did not represent remnants of the giant cell 
tumor Such foci did not exhibit active cellular proliferation 

Sections of chips of cancellous bone showed normal fatty marrow and bony 
trabeculae 
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stand Roentgenograms showed a marginal subluxation of the right hip, with 
bony changes in the pelvis and femur As a first step m treatment, the contracture 
of the abduction deformity of the left leg was undertaken, first by means of a 
plaster bandage and later by stripping the tensor fasciae latae muscle and the 
gluteus medius muscle from the ihum Several months later the adduction-flexion 
deformity of the right hip was overcome by cutting the tensor fasciae latae and 
the rectus femons muscles A shelf was then turned down from the side of ihe 
ilium, and the tensor fasciae latae muscle was transplanted to a posterior attach- 
ment Though this made a marked improvement in the patient’s condition, the 



Fig 2 (case 5) — Roentgenogram showing unilateral paralysis, with a s’oping 
acetabular shelf which was sufficient until trauma led to dislocation Note the 
tilting of the pelvis downward on the affected side and the configuration of the 
head 

result was not considered satisfactory because of the persistence of some pelvic 
obliquitj This was ultimately relieved in 1934 by means of a plastic operation 
on the abdominal fascia Roentgenograms showed the shelf in situ, with correc- 
tion of the pehic obliquit 3 Since his discharge from the hospital, the patient 
has been walking about with the aid of crutches in a satisfactory manner 

Case 8 — S T, a girl aged 9 jears, was admitted to the hospital in February 
1930 with residual paraljsis following poliomj elitis of six years’ duration Until 
one ^ear preMOusb, when she fell, the patient had been able to walk well with 


fUMO^ 


879 


.mnt cell tumok 

BESIKICK-BKONSCHI' 'C 

1 pr\ iWustiates roentgei^®^ 5,te oi *e 

neoplasm ^„„e ^ trntgeooP a® 5'“;\tc«t- 

oi \^:tessa.dy -e^ ^ 

tbe aitet tbe opei^ ^ecuv^e^ce 

roaae nveial yoa jeniams 1 jViei ta • , ,, no 

oi W”"*® ,! and *a pa«®‘ ' „ed On t'« ,«iat.on sbo^ 

t^s»^:::7J^TJ^ss:•^■ •' - - 

oi lesion, J'lS 

p,ogiess^o^^ ot 



886 


ARCHIVES OF SURGERl' 


dislocated, the left leg being higher than the right Good strength was noted 
in the adductor muscles Roentgenograms showed bilateral dislocation of the 
hips, with no acetabular fossae A shelf operation was performed on the left 
hip m May Roentgenograms made one month later showed a fairly thick and 
large newly formed acetabular shelf, which evtended well bejond the displaced 
capital epiphysis of the femur Somewhat later it was noted that the acetabular 
shelf appeared to have slipped upward and slightly outward The patient was 
discharged to a convalescent home in a plaster cast and at the time of writing 
^\as reported to be only slightly improved 

Case 12 — L B , a girl, was afflicted with infantile paralysis at the age of 1 
year She was left with residual bilateral paralysis of the extremities Treatment 
before she was admitted to the Hospital for Joint Diseases consisted of the applica- 
tion of a double spica and later the stabilization of the left foot With the aid 



Fig 3 (case 10) — Roentgenogram showing redislocation of the head despite 
two shelf operations 

of a brace on the left leg the patient was able to walk When seen in 1929, at the 
age of 4, there was a flexion contracture of the left hip with practically no muscle 
power The right leg was adducted and flexed The tensor fasciae latae muscle 
was strong, and the abductor muscles were weak Roentgenograms showed that 
in spite of a fairl} good but somewhat sloping shelf there was an upward disloca- 
tion of the head of the femur on the right side The adductor muscles were 
divided, the hip was reduced and a shell was turned down superior to the head 
The tensor fasciae latae muscle was transplanted posteriorly The patient was 
discharged in a plaster cast and was subsequently fitted w'lth a brace In October 
1930, somewhat o\er a -lear later, the patient w'as admitted to the hospital with a 
recurrence of the flexion of the left hip and dislocation of the right hip The 
flexion of the left hip was corrected bj means of the Soutter and Yount operations 



MILCH-GRLEX—DIbLOCATIOX OF HIP 


881 


tion foi the establishment of a bom shelf ga^e good results On the 
other hand Gill * in his paper on congenital dislocation of the hip 
reported nine cases of the parahtic t}pe in onh fi^e of nhich good 
results follou ed the shelf operation Though other authors hai e reported 
occasional satisfactort results follomng one or another procedure it 
IS to he noted that the information on this subject is meager The 
consequence of this actual deaith of knowledge is an uncomfortable 
feeling of uncertaint} as to the method best indicated in an\ particular 
instance and is the justification for our brief reMew of the subject 
The series of tnentj cases nhich ue hare been able to observe in 
the several orthopedic serMces of the Hospital for Joint Diseases is 
admitted!} small Yet the sur\e} of the histones seems to point to 
certain conclusions uhich ue beheie to be of interest and of lalue 



Fig 1 (case 1) — Roentgenograms showing bilateral flaccid parahsis of the hips 
with dislocation of the left hip Note the tilt of the pehis on the side of the dis- 
location and also the changes which occurred in the left hip after dislocation and 
the absence of such changes in the right hip despite the parahsis 

REPORT OF C \SES 

C\SE 1 — A B, a ^outh aged 16, was admitted to the hospital in Juh 1933, 
about three ^ears after he was shot accidentalh As a result of tins he suffered 
from transierse nnelitis Up to the time of the in;urj the i>atient had been well, 
but with'n two and one-half jears a definite shortening of the left leg was 
obseried 11 hen he was admitted to the hospital bilateral parahsis of the hips 
was noted The head of the right femur was in the acetabulum and there was 


4 Gill, \ B J Bone Joint Surg 17 48 1035 personal communication 
to the authors 
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and abductor muscles and the tensor fasciae latae muscle and to the unopposed 
action of the sartorius muscle and the adductor muscles Fusion of the hip was 
performed, and the patient is still under observation 

Case 16 — N C, a girl, was admitted to the hospital in 1926, at the age of 
12 years, suffering from the effects of residual poliomyelitis acquired at the age 
of 2 years She had submitted to several operations for stabilization of the ankles 
Since our primary interest lies m the hip, the record of the other treatment will 
be omitted When the child was 5 years old the mother noted the development 
of a progressive limp on the right side When she was first seen, the right hip 
was flexed and adducted and showed a typical iliac dislocation The hip was 
reduced by traction, and a spica was applied and later a brace The patient was 
given abduction exercises, but in 1927 roentgenograms showed redislocation, and a 
shelf operation was performed In 1929 the patient again showed symptoms, and 
roentgenograms showed marginal subluxation of the head In 1934 the patient 
again returned, complaining of a limp At this time marked improvement of the 
abductor muscles was noted, but the head was markedly displaced, and fusion was 
decided on The head was pulled down a distance of about 1 inch (2 5 cm ) and 
was fused to the ilium in marked internal rotation Later, to correct this, supra- 
condylar osteotomy was performed When seen in the outpatient department about 
SIX months later, the patient was walking without the aid of a crutch or brace 
There was excellent stability, with a barely perceptible limp Roentgenograms 
showed firm bony ankylosis at the hip, with union at the site of the supracondylar 
osteotomy 

Case 17 — M K , a woman aged 21, was admitted to the hospital in June 1933 
As a consequence of poliomyelitis at the age of 2, the patient had residual paralysis 
of the left leg and dislocation of the left hip All the muscles of the hip except 
the sartor us muscle were absent The left extremity was about 1 inch (2 5 cm ) 
shorter than the right, and there was a definite tilt of the pelvis downward on the 
left Roentgenograms showed a dislocation of the hip, with marked underdevelop- 
ment of the osseous structures A combined intra-articular and extra-articular 
fusion was performed, and the patient left the hospital wearing a plaster bandage 
Subsequently the patient suffered a fracture through the fused hip This was 
treated by means of Kirschner wires and healed with the leg in slight adduction 
Roentgenograms showed bony union at the site of fracture and fusion of the hip 
The patient submitted to operation for stabilization of the foot and m June 1934 
was discharged walking and in good condition 

Case 18 — P W, a girl, was first treated in 1927, at the age of 8 years, for 
complete flaccid paralysis of the right upper extremity and both lower extremities 
and marked paralytic scoliosis following infantile paralysis six years previously 
At this time there was no dislocation, and plaster casts and later braces were 
applied In 1929 an upward tilting of the pelvis on the left side was observed, and 
traction was used m an effort to combat the pelvic obliquity In 1931 the patient 
was admitted to the hospital for treatment of dislocation of the left hip The 
abdominal and the spinal muscles were very weak The right hip showed a faint 
trace of muscle power, on the left side the function of the adductor muscles was 
2 plus, and the flexor muscles showed a trace of power The left hip was adducted 
and the right abducted Roentgenograms showed dislocation of the left hip An- 
operation for fusion was performed in December 1931, but the result was not satis- 
factory Instead of fusion, there was a wide shelf, which, however, did not func- 
tion to restore stability of the hip In November 1932 the hip was refused, and 
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slight action of the extensor muscle, all the muscles of the right hip were power- 
less The same was true of all but the external rotator muscles of the left hip 
One ankle was stabilized, and plaster of pans bandages were applied to correct 
and maintain the correction in the spine and in the extremities In November 
1933 the patient returned to the hospital with a marked flexion contracture of the 
left hip The pelvis on the left side was 3j4 inches (9 cm ) higher than on the 
right side and was tilted markedly forward, so that the patient had severe scoliosis 
and lordosis Roentgenograms of the right side showed a fairly normal head, 
neck and acetabulum, while on the left side the head was dislocated, the acetabular 
roof was poor and the femur was m varus Because of the debilitj of the patient 
and the extent of the paralysis an extensive operation was not considered advisable 
The pelvic obliquity was corrected by tenotomy and traction, and the patient was 
fitted with a brace and a crutch, with which he was able to get about 

Case 5 — H F, a man aged 31, was admitted to the hospital m July 1933 He 
had poliomyelitis at the age of 1J4 years At first he was treated bv means of a 
brace, but subsequently he was operated on and was able to get about very well 
until three years previously, when he slipped Something “snapped” m his left 
hip, and since that time he noticed the progressive development of a limp Exam- 
ination disclosed a typical dislocation of the left hip posteriorly The pelvis tended 
to sink on the left side The gluteus medius muscle was not present, and the 
tensor fasciae latae muscle was weak, but otherwise the muscles about the hip 
were powerful Roentgenograms showed a sloping acetabular roof and an elong- 
ated, widened acetabulum The head of the femur was well formed but was lying 
posteriorly, the neck was in valgus and was slightly ant everted (fig 2) An 
attempt was made to reduce the dislocation by skeletal traction, but the patient 
refused to tolerate the treatment and left the hospital against advice 

Case 6 — 0 B, a boy aged 14, was admitted to the hospital on Nov 2, 1929, 
with a history of infantile paralysis at the age of 6 months Stabilizing operations 
were performed on his legs When he was admitted to the hospital the patient 
walked fairly w^ell The left leg was 2 inches (5 cm ) shorter than the right leg 
There was a flexion contracture of 30 degrees in the left hip The adductor 
muscles were more powerful than the abductor muscles , the tensor fasciae latae 
muscle was good, and the hamstring muscles were somewhat more powerful than 
the quadriceps muscle Roentgenograms showed a shallow acetabular ca\it> with 
a deficient shelf The Dickson and Souter operations were performed for flexion 
contraction on November 20, and a plaster of pans cast was applied In February 
1931 the patient was admitted to the hospital for a bone-lengthening operation , 
roentgenograms showed the same type of marginal subluxation of the femur, but 
It was noted that the patient had good stability and so no further operation was 
performed on the hip 

Case 7 — G J, a boy was first admitted to the hospital m June 1931, at the 
age of 6J4 years Poliomjehtis at the age of 8 months left him with paraljsis 
of the right upper extremity and both lower extremities Examination disclosed 
1 marked upward tilting of the pelvis on the right side, with severe lordosis due 
to a forward inclination of the pelvis As was to be expected, the muscles of the 
spine and abdomen on the right side were much stronger than those on the left 
side The function of the abductor muscles of the left hip w as 2 plus , that of 
the adductor muscles of the right hip was 3 plus, and that of the right tensor 
fasciae latae muscle was 2 plus The hamstring and flexor muscles of the hip 
were powerless There was a flexion contracture of the right hip, which was 
dislocated The left hip was flail Without crutches the patient was unable to 
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(in one case, as mentioned previously the procedure was done on 
reoperation) and in two the result was satisfactory after a secondary 
procedure designed to correct the pelvic obliquity In the one case 
in which primary deepening of the acetabulum was attempted the 
operation was unsuccessful, and an operation for fusion was subse- 
quently performed, with a good result In seven cases fusion was 
undertaken In four of the cases fusion was a primary procedure The 
result m one was good, m one refusion was necessary and m two 
the operation was unsuccessful In three cases fusion gave a good result 
after the failure of other surgical measures 

In by far the great majority of cases reported the origin of the 
condition was poliomyelitic However, this is not invariably true Nolot ® 
called attention to the fact that paralytic dislocations have been noted 
in persons with locomotor ataxia and with Pott’s disease, with injury to 
the underlying cord In our series, in cases 5, 9 and 12 the condition 
was due to spina bifida, in case 1 it developed following a bullet injury 
to the cord, with subsequent transverse myelitis , in case 2 there was 
spasticity in a patient who was obviously suffering from some cerebral 
disorder, probably hemiplegia following pertussis, and in case 3 the 
condition was due to a cerebral injury at birth The latter cases are 
of unusual interest because dislocation of the hip occurs rarely, if at 
all, m any of the large group of patients with hemiplegia afflicted with 
paralysis of cerebral origin In fact, while dislocations are seldom 
observed m persons with paralysis which results from lesions of the 
upper motor neurons, they seem to be typical in persons m whom 
the lower motor neuron arc is interrupted The explanation of this 
remarkable preponderance is undoubtedly to be found m an appreciation 
of the elements which determine the stability of the hip joint 

Normally this depends on two factors , the character or competence 
of the acetabular block and the integrity of the pelvitrochanteric 
musculature To insure perfect stability, both of these forces must 
be cooperating, and the loss of either predisposes to instability and dis- 
location Of the two, the muscular element is, m our opinion, the more 
important This does not in any manner minimize the importance of 
the acetabular shelf From the experience gamed by surgeons in the 
treatment of congenital dislocation of the hip, the significance of the 
shelf has been well attested It is evident, however, that the data so 
obtained merely indicate the function of the shelf in the presence 
of otherwise good muscle power In cases of paralysis the situation is 
markedly different, and the application of conclusions reached from 
the treatment of congenital dislocation to the problem of paralytic 

5 Nolot, T Contribution a I’etude de la luxation paralytique de la handle, 
These de Pans, no 326, 1905, p 7 
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the aid of a brace Roentgenograms made at that time showed a dislocation of the 
left hip, and a plaster of pans bandage was applied Examination m 1930 revealed 
a relatively mild form of paralysis The flexor and extensor muscles of the hip, 
though reduced m power, were present and were of about equal power The 
adductor muscles showed a slight predominance over the abductor muscles, but 
there appeared to be no definite pelvic tilt and no severe contracture A typical 
shelf W’as turned down from the side of the ilium, and the tensor fasciae latae 
muscle was transplanted posteriorly in the manner described by Dickson Roent- 
genograms show'ed a large, well formed shelf, with the head lying beneath it 
The patient could not be examined recently but is reported to have a good result 
from the operation 

C\SE 9— J B, a girl aged 5 years, was admitted to the hospital in December 
1927 with a history of poliomyelitis tw'O and one-half years previously The pelvis 
was inclined forward and definitely upward on the left side All the muscles of 
the left hip except the flexor muscles and the tensor fasciae latae muscle were 
extremely weak On the right, moderate power was noted in all the muscles 
except the extensor and adductor muscles 1 he right leg was held m flexion 
and abduction contracture, while the left w'as in flexion and adduction and was dis- 
located posteriorly The tensor fasciae latae, the rectus femoris and the psoas 
muscles and the capsular ligament were contracted , so they were cut The hip 
was reduced, and a spica was applied Roentgenograms showed the reduced hip 
Ijing m a poorly formed acetabulum with an insufficient roof On the right side 
the lead and ace'abjlum showed only slight abnormalities After her discharge, the 
hip was dislocated again, and m February 1928 the patient was admitted to the 
hospital for tenotomy of the adductor muscle In 1930 marked lordosis and pelvic 
obliquity were noted, and the patient was admitted to the hospital for a shelf 
operation Roentgenograms showed a well formed shelf with the head in the 
reduced position The patient was discharged, walking with the aid of crutches 
and a brace 

Case 10 — F B, a girl aged 14 years, was admitted to the hospital m January 
1928, with a history of infantile paralysis twehe years before Only the right leg 
was mvohed The patient had had several previous operations on the ankle with 
manipulative reduction of the dislocation of the hip The mother noted that the 
shortness of the right leg w’as increasing When the patient was admitted to the 
hospUal it was noted that there was a definite upward tilting of the pelvis on 
the right side The function of the flexor muscles of the hip was 4 plus, that (f 
the gluteus maximus muscle and the abductor muscles of the hip was 2 plus and 
that of the adductor muscles w'as 4 plus There w'ere about 2 inches (5 cm ) of 
shortening of the right leg, a definite flexion deformity at the right hip of 15 
degrees and an adduction deformity of 30 degrees Roentgenograms show'ed a 
dislocation of the right hip In Februarv 1928 a shelf operation was performed 
Roentgenograms made in 1930 showed the pelvis to be somew’hat oblique, but the 
hip was apparently beneath the shelf In March 1930 the patient was able to w'alk 
with the aid of crutches and a brace, which were discarded shorth afterw’ard 
Case 11 — E R , a girl, was admitted to the hospital in klaj 1933, at the age of 
12 \ears At the age of 5 weeks she had been operated on for meningomjelocele 
and spina bifida When 1 ^ear old she was able to walk with the aid of crutches 
Parah SIS of the feet was noted as earh as 1926 but the muscles of the hip were 
considered good In 1929 it was noted that the child was walking well but 
tint operations for the stabilization of both ankles were indicated In 1930 it 
was noted that there was a dislocation of the left hip and m 1931 both hips were 
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insignificant shelf may be adequate to prevent dislocation The important 
factor IS the condition of the muscles about the hip It is our belief that 
the dislocation of the hip will or will not occur m obedience to the 
resultant of forces acting on the hip and that the bony changes observed 
in the head and acetabulum of a dislocated hip are the result and not 
the cause of the dislocation, as Murk Jansen ® demonstrated in cases of 
congenital dislocation 

Karewski,^ Tillaux ® and others ® have demonstrated that when 
the resultant of forces is such as to lead to flexion, abduction and 
external rotation of the thigh, there is a tendency toward pubic dislo- 
cation When the thigh assumes the position of flexion and adduction, 
the tendency is toward iliac dislocation This is valid, whether the 
dislocation is of the congenital, traumatic, postmfectious or paralytic 
variety The paralytic dislocation is merely a special condition due to 
the loss of power in some or all of the pelvifemoral muscles This 
theory of the mechanism of dislocation by the unopposed action of 
certain groups of muscles was originally propounded by Reclus and 
has been generally accepted by those who have given the matter thought 
On the other hand, as Riedmger and others have observed, accurate 
knowledge of the extent of the paralysis is m itself insufflcient to war- 
rant prediction of the exact type of dislocation which may be expected 
in any instance This is due to the varying association of other factors, 
such as habitual posture, gravity, weight bearing and trauma This 
was pointed out by Bradford,^^ Elzinga and Key - and others and was 
well demonstrated m our case 4 Our patient, though almost completely 
paralyzed, had a flexion contracture and a dislocation as a result of his 
position in bed The condition m case 5, on the other hand, illustrated 
very well the effects of even minimal trauma in precipitating dis- 
location in a hip the stabilizing elements of which had been largely 
reduced by the effects of antecedent poliomyelitis All of these forces 
are such as to increase the attitude of flexion and adduction and con- 
sequently predispose to dislocation 
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In December 1934 the right hip was operated on again, and an additional shelt was 
turned down posteriori}, but roentgenograms showed tliat m spite of an excellent 
roof marginal luxation of the head had recurred (fig 3) 

Ca.se 13 — A L, a girl aged 17, was admitted to the hospital m Februarv 1932, 
about fifteen } ears after an attack of poliom} elitis, w hich left her v ith residual 
parahsis imohmg both extremities There were marked lordosis and scoliosis 
The pehis was inclined forward and was ele\ated on the left side The muscles of 
the left hip showed fair power of flexion and adduchon All the otlier muscles 
were absent The right hip was completely paral}zed, except tliat there was 
slight power m the abductor muscles and good power m the extensor muscles 
Roentgenograms showed a well formed head articulating with a good acetabulum 
on the right side It was deemed desirable to stabilize the foot before proceedmg 
to the operation on the hip Se\eral months after this operation, the patient was 
admitted to the hospital for treatment of the condition of the lup A shelf opera- 
tion was performed on the left side in June 1932, though it was realized that the 
chances for a successful outcome were not good because of the absence of the 
abductor muscles This pro\ed to be the case Four months after the operation 
the hip was completeK dislocated and was unstable, and the shelf was found <-0 
ha\e fractured In December 1932 the patient w'as admitted to tlie hospital for a 
bifurcation operation Roentgenograms showed firm union at the site of the 
osteotom}, with reunion of the fragments of the fractured acetabular shelf 
When the patient was examined about six montlis later she w’as walking with 
the aid of crutches The hip was stable m 15 degrees of abduction, and the patient 
was satisfied with the strength of her leg 

Case 14 — F K , a girl, w as first treated m 1926, at the age of 8 % ears, for 
serere bilateral parahtic clubfoot and paral}tic dislocation of the hip due to spina 
bifida The peh is w as tilted upward on the left, and the left leg w as consequent!} 
in adduction, while the right leg was m slight abduction There was practicall} 
no power m either extremit} Roentgenograms showed dislocation of the left 
femur, with poor formation of the shelf The head of the right femur was in the 
acetabulum, with marked deformit} of the neck and a change in the direction of 
the capital epiph}sis Operations were performed for stabilization of the ankles, 
and in Januarv 1927 a new acetabulum was reamed out Though tlie head seemed 
to remain m place in all positions of the leg when tested on the operating table 
roentgenograms made se\eral months later showed a recurrence of the dislocation 
and an increase in the pelvic obliquit} To correct this the abductor muscles of 
the right hip and the adductor muscles of the left hip were tenotomized Thereafter 
the left hip was fused, and the patient was discharged, walking with the aid of 
braces and crutches The patient died about six \ears later of an intercurrent 
infection 

Case 15 — F O , a bo\ aged 7 \ears, was first admitted to the hospital in June 
1934, fi\e }ears after an attack ot pollom^ ehtis Onh the right leg was in\ohed 
The pehis was tilted downward on the affected side, and there was a moderate 
increase in its forward inclination The abdominal and the spinal musculature 
were normal The abductor muscles of the right hip were completeh parahzed, 
and the hip was in definite flexion and adduction contracture Roentgenograms 
showed a poor!} de\ eloped acetabulum, with an inadequate acetabular roof A 
shelt was turned down and the tensor fasciae latae muscle was transplanted 
Roentgenograms made about six months later showed a recurrence ot the upward 
luxation of the temur On the patient’s admission to the hospital m Mav 1935 the 
flexion contracture had become reestablished, owing to the weakness of the gluteal 
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to Its correction, the results seemed to wan ant the additional effort It is 
possible that neglect in its treatment may account in part for the failures 
which have been recorded in the treatment of paralytic dislocations 

On viewing the problem of the therapy of paralytic dislocations in 
the light of the considerations previously noted, it will be seen to be 
much more complicated than was at first sight apparent While a mild 
type offers no insurmountable difficulties, a complicated type may 
necessitate the solution of several auxiliary problems, each of which 
may be of major magnitude The first of these is the question of 
deformity To be sure, deformity should be prevented by appropriate 
application of plaster or a brace, but, willy-nilly, deformities do present 
themselves and they must be corrected Not only must the deformity 
of the hip be corrected, but, of much more importance, the pelvis must 
be leveled This may involve complicated surgical maneuvers trac- 
tion, application of plaster or a brace, various forms of myotomy or 
tenotomy, plastic operation on the fascia for paralysis of the abdominal 
muscles or even spinal fusion The results may be questionable, yet 
the neglect of this tactor may vitiate adequate treatment of the con- 
dition 

Once the pelvis is level, the question of treatment of the condition 
m the hip itself may be broached This treatment may be conservative or 
radical The conservative measures embrace the use of plaster or of 
abduction braces A radical measure may consist of simple myotomy 
or tenotomy or may involve the performance of a complicated operation 
The radical measures may be classified as operations on 

1 The capsule of the hip joint 

(a) Reefing or 

(h) Overlapping, as in the Jones operation 

2 The bones of the hip joint 

(ff) The acetabulum a shelf operation 

(b) The neck of the femur Lorenz, Hass or Schanz osteotomy 

3 The joint 

(a) Arthrodesis 

4 The muscles 

(a) The Dickson operation 

(b) Transplantation of the gluteal muscles 

(c) Tenodesis (e g, using the tensor fasciae lalae muscle) 

In the matter of treatnent of the first and third categories, estab- 
lished by Sever, most observers are agreed In the case of mild 
involvement without dislocation, treatment should be such as to prevent 
dislocation This may be done by elevation of the shoe on the opposite 
foot, by the application of plaster or a brace or by the performance 
of myotomy on the affected leg All these measures are designed to 
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the patient was discharged to a convalescent home It was reported that, con- 
sidering the extent of the paralytic involvement, the patient seems to have shown 
improvement after the second operation for fusion 

Case 19 — S L, a girl aged 14 years, was admitted to the hospital in October 
1933, ten years after an attack of infantile paralysis The residual paralysis was 
mild The function of the flexor muscles of the left hip was 4 plus, that of the 
adductor muscles was 4 plus and that of the abductor muscles was 2 plus , function 
of the extensor muscles was ml The muscles of the back and abdomen were 
strong The leg was held in flexion and adduction, but the pelvis was tilted down- 
ward on the left side, the side of the dislocation This, we believe, is accounted for 
by the shortening of about inch (3 8 cm) which existed in the left lower 
extremity In Januarj 1935 fusion of the left hip was performed, but the graft 
did not “take” The further outcome cannot be reported at present, since the 
patient is to be operated on again 

Case 20 — S B , a woman, was admitted to the hospital in 1932, at the age of 
23 She had apparently been treated for a congenital dislocation of the right hip 
at the age of 6 years At the age of 11 years the patient had poliomyelitis, which 
left residual paralysis in the right hip On examination the pelvis was found to 
be tilted upward on the right side, and there was apparently a flexion and adduc- 
tion contracture An attempt at fusion of the hip was made without success 
Roentgenograms showed a shallow acetabulum, with a poor roof The head was 
dislocated, and at the upper end of the shaft there was a peculiar hooklike process, 
evidently the remnant of the bone graft The patient is to be admitted to the 
hospital again for operative fusion 

COMMENT 

When we analyzed these cases, a number of interesting observations 
were made In an active hospital service, a record of only twenty cases 
could be found over a period of ten years In the twenty cases there 
were twenty-one luxations or subluxations of the hip Though in ten 
of the cases there was bilateral paralysis of the hip of varying degrees of 
severity, bilateral dislocation was noted in only one (that of a patient 
suffering from severe spina bifida) In many cases the tensor fasciae 
latae muscle possessed considerable power, sufficient so that at operation 
the muscle warranted transplantation In its anatomic position this 
muscle seemed to function more as a flexor than as an abductor muscle 
of the hip In practically all cases in which dislocation occurred, the 
abductor muscles were either absent or so weak as to be valueless as 
stabilizers of the hip 

In sixteen of the twenty cases, various types of operation were 
performed In seven cases the shelf operation alone was performed 
Of these, a good result occurred m only tw'o Of the others, fusion 
w'as performed later m two, wnth good results, an operation for bifurca- 
tion gave a good result in one, and in another establishment of an 
additional shelf and a Dickson operation were employed, wnth an unsatis- 
factory outcome Of the four cases in which the combined shelf and 
Dickson operations were performed, in two there was a poor result 



TREATMENT OF GASTROJEJUNOCOLIC FISTULA 
BY MULTIPLE STAGE OPERATIONS 

FRANCIS M FINDLAY, MD 

SANTA BARBARA, CALIF 
HISTORICAL REVIEW 

Gastrojejunocolic fistula is one of the rare complications attending 
gastric surgical procedure C7erny^ reported the first case in 1903 
Bolton and Trotter in 1920 added four cases to the thirty-four already 
reported in the literature, while Judd ® found records of only six cases 
at the Mayo Clinic previous to 1921 Rankin, Bargen and Buie® m 
their book published in 1932 attested to the rarity of the lesion Lahey ^ 
in 1933 reported the observation of only six cases 

Since 1881, when Wolfer introduced the operation of gastro- 
enterostomy, surgeons have had complications following gastric opera- 
tions Of the late complications following gastroenterostomy, none is 
more disappointing or more feared by the conscientious surgeon than 
the development of jejunal ulcer Walton “ stated “As soon as it is 
evident that a gastrojejunal ulcer is present, an operation must be per- 
formed, for the condition is certain to progress and will give rise to 
pain, dangerous hemorrhage, or perforation ” If the ulcer perforates 
into the peritoneal cavity, death from spreading peritonitis usually 
ensues, if the ulcer perforates into the transverse colon distressing 
diarrhea usually develops, with nausea, fecal vomiting and rapid 
losses of weight and strength from inability of the patient to obtain 
adequate nourishment In Paterson’s® cases the mortality m those in 
which operations were not performed was 100 per cent 

My paper briefly reviews the etiologic factors and the physiologic 
changes accompanying the lesion and describes the generally accepted 
methods of treatment A case is reported in detail in which the pro- 
cedure was successfully carried out m multiple stages, with the Mikulicz 
procedure 

1 Czerny, Vincenz Beitr z klin Chir 37 765, 1903 

2 Judd, E S Surg , Gynec & Obst 33 120 (Aug ) 1921 

3 Rankin, F W , Bargen, J A , and Buie, L A The Colon, Rectum and 
Anus Philadelphia, W B Saunders Company, 1932 

4 Lahey, F H S Oin North America 13 541 (June) 1933 

5 Walton, A J , in Nelson Loose-Leaf Living Surgery, New York, Thomas 
Nelson & Sons, 1928, vol 5, p 154 

6 Paterson, H J Internal J Surg 33 138 (May) 1920 
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dislocation is fraught with danger unless reservations are made Thus, 
in our cases 3, 7, 11, 12, 13, 15 and 18 dislocation occurred in spite of 
excellent formation of the shelf On the other hand, the patient m case 
5, in whom a sloping shelf was noted, had no difficulty with his hip until 
the occurrence of a fall This can be interpreted only as indicating 
that the stabilizing forces were sufficiently powerful, in spite of the 
paralysis and the sloping shelf, to prevent dislocation until such time 
as the additional trauma balanced the scales in favor of the dislocating 
forces Elzinga and Key also noted that the size of the shelf or even 
its character does not seem to determine the stability of the hip They 
stated “We believe that an accurate placing of the shelf is more 
important than its size, as we have found small shelves just as efficient 
as large ones ” Just where the shelf should be placed to be accurate 
was not stated, and in our opinion the “accurate placing of the shelf” 
can acquire significance only if by this term is meant the placing of the 
shelf so that it tends to fortify the stabilizing forces or to oppose 
the dislocating forces 

Unfortunately, Elzinga and Key did not state in particular the 
condition of the muscles in those cases in which good surgical results 
were obtained They noted, however “In eleven of twenty-six cases 
dislocation occurred in the presence of definite power m the extensor 
group Much the same is true of the external rotators Apparently 
the muscles which are most important in lending stability to the hip 
are the abductors and the tensor fascia femoris, as dislocation occurred 
m only two cases with fair abductors, in only three cases with a fair 
tensor fascia femoris and in no case in which these muscles were good 
or normal ” This brings us to a consideration of the second element, 
the muscle factor, in the stabilization of the hip joint 

Apart from their function in moving the thigh, the pelvitrochanteric 
muscles act to maintain the contact of the head of the femur against 
the fulcrum of the acetabulum When this contact is not maintained, 
as in the cases in which there is marked effusion into the joint or as in 
the cases cited here, the dislocation may occur regardless of the normal 
configuration of the bones On the other hand, when this contact is 
maintained, as m cases in which spasticity of the muscles are associated 
with paralysis of the type caused by involvement of the upper motor 
neurons dislocation is among the greatest of rarities, though it does occur 
NNhen the resultant forces are of sufficient magnitude With parahsis 
caused by involvement of the lower motor neuron in which the muscles 
are completely atonic and contact cannot be maintained dislocation vnll 
occur (as has been indicated) regardless of the nature of the shelf, 
while in the less serere cases, in wduch some muscle power still exists, 
cspeciallv in the extensor or abductor muscles e\en an apparently 
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down the intestinal tract Horsley ® concluded that pathogenic bacteria 
do not grow in the normal stomach because of the presence of hydro- 
chloric acid and that because hydrochloric acid is not present in the 
gastric juice of patients with carcinoma of the stomach bacteria do grow 
For ten years Horsley fed his patients with gastric carcinoma or any 
other gastric disturbance associated with low acidity dilute hydro- 
chloric acid for several days prior to operation to render the gastric 
content sterile It is well known that peritonitis from the spill of 
normal gastric or duodenal contents is rare, while the slightest contami- 
nation of the abdominal cavity by the contents of the large intestines 
results in peritonitis, usually fatal to debilitated patients 

DISTURBED PHYSIOLOGY 

Perforation of a gastrojejunal ulcer into the transverse colon pro- 
duces certain physiologic changes If the opening into the large intes- 
tine IS small, very little food passes through it, most of the food taken 
by mouth being allowed to pass naturally through the entire length of 
the small intestine Ample opportumty is thus provided for the absorp- 
tion of nourishment There may be only occasional symptoms referable 
to the gastro-intestmal tract for some time If there is considerable 
inflammation or active ulceration about the opening, there may be 
intermittent periods of bleeding, nausea and vomiting, accompanied by 
pain and diarrhea If the opening into the colon is large, much of the 
food passes directly from the stomach and jejunum into the transverse 
colon and does not have an opportunity to come m contact with the 
small intestine Large quantities of nourishing food may be eaten but 
are of no value m supplying nutrition, as there is no opportunity for 
digestion and absorption by the small intestine Loss of up to 75 
pounds (34 Kg ) in weight has occurred from the inability of the 
patient to absorb the food ingested Anemia and extreme weakness 
rapidly develop 

Another disadvantage of the direct opening from the stomach into 
the colon is the appearance of virulent bacteria m the stomach and 
upper part of the intestinal tract A normally sterile field is changed 
into a potentially septic one by the appearance of colon bacilli in the 
stomach and jejunum These artificial openings, which permit unusual 
bacteria and alkaline digestive juices to enter the normally aad stomach, 
frequently cause severe gastritis On the other hand, the sudden 
appearance of undigested food m the transverse colon often results in 
the most troublesome diarrhea 

8 Horsley, J S , m Lewis, Dean Practice of Surgery, Hagerstown, Md , 
W F Prior Company, 1929, vol 6, chaps 3 and 12 
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When we speak of flexion and adduction being the dangerous atti- 
tude, we mean commonly flexion and adduction of the thigh in relation 
to the pelvis But unless we speak of flexion and adduction in respect to 
a level pelvis, the use of the term is meaningless It then becomes 
apparent that if we can draw a conclusion from the attitude of the 
flexion and adduction of the thigh in relation to the pelvis, we must 
conclude also that the same ill effects will result from the attitude of 
forward inclination and upward tilting of the pelvis in relation to the 
femur This follows from the fact that flexion of the femur is the 
equivalent of forward inclination of the pelvis, while upward tilting 
of the pelvis is the equivalent of adduction of the femur That these 
effects may be caused by different groups of muscles complicates the 
picture but does not alter the fundamental validity of the relationship 

In an excellent paper on the subject of pelvic obliquity, Mayer 
called attention to the fact that the effective forces in causing a tilting 
of the pelvis in the lateral plane are (1) contracture of the abdominal 
and spinal muscles, (2) contracture of the abductor muscles and (3) 
contracture of the adductor muscles These three forces, either alone 
or m effective combination, determine a moment of rotation of the 
pelvis which results in the five types of lateral pelvic tilting which 
Mayer described In a similar manner, tilting of the pelvis m an antero- 
posterior plane or inclination of the pelvis is controlled by the opposing 
action of the abdominal and spinal muscles and the flexor and extensor 
muscles of the thigh Thus, forward inclination of the pelvis or lordosis 
may be caused by (1) contracture of the spinal muscles or (2) con- 
tracture of the flexor muscles of the thigh and the extensor muscles 
of the knee 

Except m cases 5, 15, 17 and 19, our patients exhibited a definite 
upward tilting of the pelvis on the side of the dislocation In cases 
17 and 19 this variation was readily accounted for by the actual short- 
ening of the limb This tendency to upward tilting is remarkable in 
Mew of the fact that m other forms of dislocation the tilting is usually 
downward on the affected side because of the relative shortening of 
the limb Almost all showed, m addition, a marked degree of forward 
inclination of the pelvis That this may have been partly due to the 
posterior dislocation of the fulcrum is immaterial, since the effect of 
this is merely to increase the efficiency of the forces causing the forward 
inclination It leaves unaltered the general conclusion that the pelvic 
tilting m the anteroposterior and m the lateral plane is due to imbalance 
of the controlling musculature Unfortunately, this condition does not 
seem to have aroused the interest which its importance would seem 
to merit In cases 1, 4, 7 and 14, m which special attention was directed 

13 Ma^e^, L J Bone & Joint Surg 13 1, 1931 
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REPORT or CASE 

Hisfoiy — A 58 year old rancher was admitted to the hospital complaining of 
severe diarrhea of seven weeks’ duration, with marked loss of \v eight and strength 
Fifteen years previously a gastro-enterostomy had been performed elsewhere for 
a duodenal ulcer Following this operation the patient was free from symptoms 
for eight years For the past seven years the patient had noted some gas and 
burning epigastric distress after eating This had been partially relieved by baking 
soda but had never been so severe as to prevent work Three years previously 
the patient first noted attacks of diarrhea, occurring chiefly at night At first 
these attacks were of from three to four days’ duration and occurred at monthly 
intervals The attacks gradually increased in frequency and severity For the 
preceding two years the patient had been unable to do any work Seven weeks 
before he was admitted to the hospital the diarrhea became constant, with from 
eight to ten stools daily, composed chiefly of mucus and undigested food Blood 
had never been noted in the stools, but a marked burning sensation in the rectum 
had been present The patient had lost 30 pounds in the past seven weeks and 
had been confined to the house because of weakness 

The patient’s history, except for his gastro-intestinal complaints, was unevent- 
ful He had always been a heavy smoker, but otherwise his habits were not 
remarkable 

Physical Examination — Physical examination revealed the patient to be well 
developed but poorly nourished, somewhat dehydrated, with evidence of recent 
loss of weight Aside from a large right inguinal hernia and the healed scar 
of the previous laparotomy, the physical findings were normal The blood pressure 
was 130 systolic and 80 diastolic 

Laboratory examination revealed normal urine The stools did not show blood 
and parasites but did show large quantities of undigested food The blood picture 
was that of mild secondary anemia Gastric analysis revealed marked hyper- 
acidity free hydrochloric acid 70 and total acidity 80 

Roentgen Examination — Fluoroscopic examination by Dr M J Geyman at 
the Cottage Hospital revealed a somewhat highly placed gastro-enterostomy stoma 
that appeared to he irregular Adjacent to the opemng a fleck of barium sulfate 
appeared, suggesting an ulcerated margin The duodenal bulb was deformed and 
contracted, but there was no evidence of an active ulcer of the duodenum Most 
of the meal appeared to leave the stomach by the gastro-enterostomy opening In 
less than thirty minutes barium-coated fecal matter was visible in the rectum and 
descending colon After five hours the stomach was empty, and the head of the 
barium column was in the transverse colon, but it was evident that the sigmoid 
colon had received the opaque substance from a fistulous tract A barium sulfate 
enema confirmed the diagnosis of fistula, the barium going directly from the 
transverse colon through the fistulous tract into the jejunum A definite diagnosis 
of gastrojejunocolic fistula with possible ulceration was made The roentgenolo- 
gist added that he did not believe that sufficient barium left the stomach through 
the pylorus for the jiatient to get along without another outlet from the stomach 
when the fistulous tract was resected 

Prepaiation — Preoperative treatment consisted in emptying the gastro-intestinal 
tract of barium and in maintaining a normal level of the body fluids and nutrition 
As a portion of the intestinal stream was going directly from the jejunum to the 
transwrse colon through the fistulous tract, it was difficult to empty the cecum 
and ascending colon. Large doses of liquid petrolatum by mouth and repeated 
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maintain abduction and extension and so to combat the development 
of the pernicious attitude of flexion and adduction In the case of severe 
involvement treatment should be by arthrodesis We are convinced, 
with Gill, that in such cases “arthrodesis is the operation of choice” 
and that when there is complete paralysis of all the muscles of the hip 
the shelf operation cannot be expected to g^ve a good result How- 
ever, not every attempt at arthrodesis is followed by ankylosis of the 
hip joint, in adults even more than m children this tendency toward 
failure is pronounced With this m mind. Sir Robert Jones suggested 
a procedure wluch he considered successful This consisted m relief 
of the contracture by means of fasciotomy, reduction of the dislocation, 
plastic fixation of the posterior portion of the capsule and then appli- 
cation of a plaster bandage, with the leg in abduction and extension, 
over a period of six months We have had no experience with this 
method 

It is in the treatment of the condition m Sever’s second category, m 
the cases m which there is reducible dislocation with some residual 
power, that the greatest divergence of opinion arises Many authors 
consider the shelf operation the method of choice, but our own experience 
does not seem to warrant this feeling of assurance Though the opera- 
tions m our series were performed by various surgeons, as to whose 
skill no question can be raised, the results obtained by the shelf opera- 
tion, even when combined with the stabilizing effects of the Dickson 
operation, were far from satisfactory It is palpably impossible to 
reconcile such results with those reported by Elzinga and Key except 
on the basis of a difference m the choice of cases From the experience 
gained in case 11, m which the shelf operation was originally opposed 
on the ground of absence of the gluteal muscles and in which subsequent 
operation for bifurcation gave a satisfactory result, we may perhaps be 
permitted to join m Gill’s opinion that the shelf operation should be 
used only when there is evidence of fair power in the gluteal muscles 
In other cases the various procedures used in the treatment of congenital 
dislocation may be attempted with the knowledge that m the event of 
failure arthrodesis is still held in reserve 

222 West Seventy-Seventh Street 

123 West Eighty-Sixth Street 

14 Jones, Robert, in Jones, R , and Lovett, R W Orthopedic Surgery, New 
York, William Wood & Co, 1923, p 463 
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ized tincture of opium to quiet peristalsis No enemas were given for the twenty- 
four hours previous to operation because of the danger of carrying fecal content 
into the stomach I preferred to rely on the high acidity of the stomach as a 
bactericidal agent rather than to depend on a more thorough mechanical cleansing 
Nothing was given by mouth for twelve hours prior to the operation The level 
of the body fluids was maintained by the administration of dextrose intravenously 

Five hours prior to the operation 100 cc of a concentrate of amniotic fluid was 
given intrapentoneally 

Preliminary medication consisted of 6 grains (0 39 Gm ) of sodium pento- 
barbital and % gram (0 016 Gm ) of morphine given in divided doses The opera- 
tion was begun with spinal anesthesia, which was adequate for one hour and twenty 
minutes The operation was completed with nitrous oxide anesthesia, supplemented 
with 2 ounces (60 cc ) of ether, which gave excellent relaxation throughout the 
entire operation 



Fig 2 — The loop of the transverse colon, with the fistulous tract and the stump 
of the jejunum, has been removed The tube is in the proximal limb of the trans- 
verse colon for fecal drainage (Lahey method) 

Operattan — When the abdomen was opened the transverse colon and jejunum 
were found to be adherent over a wide area The jejunocolic opening was oppo- 
site the gastro-enterostomy stoma The jejunal ulcer apparently had perforated 
into the transverse colon on the posterior wall near the mesenteric attachment 
Both the gastro-enterostomy and the fistulous opening were large and patulous, 
readily admitting the thumb There was surpnsingly little gross evidence of 
lecent inflammatory reaction around the fistulous tract, although both the jejunum 
and the transverse colon showed moderate thickening and injection of the vessels 
of the intestinal wall 

The stomach presented no gross abnormality, and the only evidence of the 
original ulcer ws a fine white scar on the antenor ‘mrface of the duodenum, with 
two constricting bands, one leading to the gallbladder and the other to the liver 
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ETIOLOGY 

Many theories have been advanced as to the probable cause of a 
simple gastrojejunal ulcer The earlier operators felt that undue 
trauma to the mucous membrane of the jejunum and faulty technic 
caused the lesion Nonabsorbable sutures and clamps were first held 
responsible for the formation of the new ulcer Repeated attempts to 
cure the condition by local excision of the jejunal ulcer resulted in 
recurrence in over half the cases The substitution of absorbable cat- 
gut ligatures for silk sutures failed to prevent the condition Equally 
unsatisfactory results followed various forms of gastro-enterostomy 
The patients showed marked hyperacidity and a tendency to the forma- 
tion of ulcers 

TREATMENT 

Until recently the only operation which seemed to give satisfactory 
results has been partial resection of the stomach, in an attempt to 
remove a part of the acid-bearing glands Walton wrote that this 
operation is one of the most difficult and severe in modern surgery, for not 
only has the old anastomosis to be freed and separated but the gastrec- 
tomy should be extensive, and the ulcerated portion of the jejunum 
must be removed The resultant mortality has been very high, ranging 
from 10 to 40 per cent, with recurrence in over half the surviving 
patients With recent studies showing that the gastric glands near the 
pylorus produce an alkaline rather than an acid secretion, it is evident 
that a large part of the central portion of the stomach must be 
removed to lower the acidity to an appreciable degree During the 
past decade gastro-enterologists have made distinct advances with diet 
and chemotherapy Since they can now accurately control the levels 
of gastric acidity, it is seldom that an extensive gastric resection, with 
its attendant dangers, is warranted solely to control acidity 

When the gastrojejunal ulcer is complicated by a fistulous tract 
leading to the colon, the surgical work is increased, and the dangers of 
peritonitis from fecal contamination are very great It is no wonder 
that such an experienced operator as Lahey wrote “I approach gastro- 
jejunal ulcer with colonic fistula still with hesitation and fear as to the 
question of possible fatality ” 

PHYSIOLOGY 

Harvey Cushing ’’ demonstrated many years ago that the gastric 
and duodenal contents were relatively sterile in normal persons and 
that bacteria increased m numbers and virulence as one progressed 

7 Cushing, Harvey, in Howell, W H Textbook of Ph^EIolog>, ed 11 
Philadelphia, W B Saunders Companv, 1930 
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the transverse colon with questionable circulation was brought outside the peri- 
toneal cavity through the middle of the abdominal incision, according to the method 
of Mikulicz, and the abdomen was closed 

Postopeiatwe Course — ^The postoperative convalescence was very satisfactory 
The body fluids and nutrition were maintained at a normal level by the intra- 
venous administration of dextrose for thirty-six hours after the operation. At 
that time liquids in small amounts were given by mouth, supplemented by feedings 
through the jej unostomy tube There was no vomiting, and additions were gradu- 
ally made to the diet On the eleventh postoperative day the jejunostomy tube 
was removed, and the opemng closed spontaneously 

Much to my surprise the patient began to pass flatus by rectum on the second 
postoperative day, and fecal movement began on the fifth day, so that it was 



Fig 4 — The spur is removed, and the fecal stream is restored Extrapentoneal 
closure of the colostomy opening can now be performed to complete the procedure 
by various methods 

unnecessary to open the colostomy stoma for two weeks At that time the seg- 
ment of bowel with the constricted lumen was removed with the cautery The 
crushing clamp was applied to necrose the septum between the two limbs of the 
transverse colon Five days later the clamp came away, and after this most of 
the fecal stream was passed by rectum Aside from a superficial infection m the 
fascia of the abdominal wall, the patient had no complications and was able to 
leave the hospital on the twentieth postoperative day He returned three weeks 
later and closure of the temporary colostomy opening was then done 
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SURGICM. RISK 

Gastrojejunocolic fistula combines the hazards present in gastric 
operation with all the risks involved in surgical procedures on the colon 
Usually the patient is deliydrated, emaciated and anemic Surgical 
shock, hemorrhage peritonitis and infections of the respiratory tract 
are the chief enemies Ever}’- possible effort should be made to reduce 
these hazards Prolonged operations, hours of general anesthesia and 
excessive handling of the \nscera must be avoided Scrupulous and 
exacting attention must be giAen to every detail of technic The intra- 
venous administration of dextrose, transfusions of blood and tlie inges- 
tion of large quantities of carbohydrate in the form of fruit juices will 
frequentl)’- change the dehydrated, undernourished, anemic patient into a 
fair surgical risk 

PERITONE-M. IMMUNIZATION 

A preliminary injection of a concentrate of ammotic fluid advocated 
by Young,® is a simple, rapid, nonhazardous and effective method of 
increasing peritoneal resistance This procedure promises to supplant 
the more troublesome, painful and time-consuming method of intro- 
ducing colon bacilli and streptococci as an intraperitoneal vaccine, ’.Mth 
which Rankin and Bargen so abl}' pioneered I have injected amnionc 
fluid many times without the slightest discomfort to the patient 
Rarely, the fluid spreading throughout the general peritoneal cai ity has 
caused slight nausea but many times the patient has not been fully 
aroused from sleep by the procedure Within a few hours there is 
usually a rise in temperature of 1 or 2 F accompanied by a leukocyte 
count from 15,000 to 20,000 and an increase in the leukoc}i;ic content 
of the peritoneal exudate, Avhich becomes turbid This increase in the 
activity of the pentoneal exudate is held by Young and Johnston to 
be direct eAudence of the effectiA’^eness of the immunization 

NEAV APPLICATION OF THE MIKULICZ PROCEDURE 

Recently I have used the folloAving method of dealing Avith gastro- 
jejunocolic fistula AAith satisfactorj results The method is reported 
m the hope that it may be of help to others faced AAith a similar prob- 
lem While doubtless other surgeons haA’e emplo3’ed multiple stage 
operations for this distressing condition, no report has been found in 
the literature of utilization of the Mikulicz procedure in this type of 
case Extraperitoneal resection of tlie large intestine has increased the 
margin of safety in surgical intervention in cases of malignant disease 
of the colon Application of the same principle should loAA’er the mor- 
tality in cases of gastrojejunocolic fistula 

9 Young, E L, and Marks, G Surg, Gaucc &. Obst 59 610 (Oct) 1934 

10 Young, E L Personal communication to the author 
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sive block dissection if any attempt is made to treat the lesion radically 
The Mikulicz procedure should be of value here as well as in cases of 
gastrojejunocolic fistula 

SUMMARY 

A brief review of the etiology, altered physiology and present meth- 
ods of dealing with gastrojejunal ulcer and its complications is given 

A case of gastrojejunocolic fistula with successful treatment by 
graded operation is reported 

The additional safety factors of preoperative peritoneal Immuniza- 
tion, simplified multiple stage operations and the use of the Mikulicz 
procedure are stressed 
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enemas partially emptied the large intestine, but considerable banum still remained 
at the time of operation. Because of diarrhea it was deemed inadvisable to attempt 
a long period of preparation The pabent was given large quantities of fruit 
juices for only twenty-four hours before the operation, accompanied by a deodor- 



Fig 1 — In A the jejunal ulcer had perforated into the transverse colon on the 
posterior wall near the mesenteric attachment P indicates the colomc fistula, and 
0, the gastro-enterostomy opening In B the clamps are applied for resection of 
the gastro-enterostomy P indicates the colonic fistula In C the gastro-enteros- 
tomy IS separated, and the opening into the stomach is closed The clamps are 
m place for resection of the jejunum O indicates the previous opening m the 
stomach, and P the colomc fistula In D, jejunal anastomosis (A), completed, 
with the catheter (/) m place for feeding The loop of transverse colon with the 
stump of jejunum attached is brought outside of the abdomen for the Mikulicz 
dram P indicates the colonic fistula 
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OBSERVATIONS 

Symptoms on Admission — The most common symptom on the 
patient’s admission to the hospital was shock, with its attending signs, 
such as pallor, cold, clammy skin, restlessness, rapid, thready pulse, 
subnormal temperature, thirst and, at times, vomiting The degree of 
shock varied roughly in direct proportion to the extent or the seriousness 
of the trauma and in the majority of the cases indicated the extent of 
coexisting hemorrhage In 73 per cent of the cases signs of shock were 
present or reappeared after treatment and continued until death 

The degree of pain and its distribution depended on the extent and 
the character of the injury In a few cases of clean stab wounds the 
pain was so slight that the patient walked to the hospital The extensive 
or macerating injury produced the most pam 

None of our patients showed bradycardia, as described by McKnight ^ 
and by Erdely,^ but when this symptom is present, one mast not under- 
estimate the degree of hemorrhage 

Blood Counts on Admission — Laboratory evidence of anemia and 
intra-abdominal injury was present at the time of admission in the 
twenty-four cases m which complete blood counts were made In all 
but two of these cases there were severe intra-abdominal hemorrhages 
The hemoglobin content (Dare) varied from 40 to 90 per cent and 
in one half of the cases it was below 70 per cent The red cell count 
varied from 2,800,000 to 5,500,000 In 77 per cent of the cases the 
count was below 4,000,000 The white cell count varied from normal 
to 33,000, and in 62 per cent of the cases it was above 10,000 The poly- 
morphonuclear count varied more constantly than any other finding and 
ranged from a normal value to 90 per cent In 91 per cent of the cases 
the count was over 70 per cent, and in 71 per cent it was over 80 per 
cent Complete blood counts, and especially the red cell count and the 
hemoglobin content, are valuable aids in differentiating hemorrhagic 
shock and traumatic shock , they are of still greater value when determi- 
nations are repeated at regular intervals for comparison 

Opeiation — Fifty-five patients were operated on, five were treated 
medically Operation was performed promptly after adequate response 
to the treatment for shock and hemorrhage 

Ether was used in forty-four cases , spinal analgesia, in twelve cases 
In view of a previous survey ® on the use of spinal analgesia in emer- 

1 McKnight, R B Post-Operative Physiological Studies in a Case of 
Traumatic Liver Rupture, Am J Surg 8 542 (March) 1930 

2 Erdely, J Recovery from Multiple Ruptures of the Liver with Intestinal 
Injury Diagnosis and Treatment of Subcutaneous Rupture of the Liver, Deutsche 
Ztschr f Chir 198 110, 1926 

3 Krieg, E G Spinal Anaesthesia in Cases of Emergency Surgery, J 
Michigan M Soc 31 456 (July) 1932 
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After these bands were freed the jndex finger could readily be passed through the 
pyloric ring and through the first portion of the duodenum 

With some difficult> the adhesions between the stomach, the jejunum and the 
transverse colon were separated and the fistulous tract was isolated The gastro- 
enterostomj anastomosis w'as first severed between clamps, and the opening into 
the stomach w'as closed longitudinally without resulting deformitj The jejunum 
was then divided between clamps placed on each side of the fistulous tract, about 
5 inches (13 cm ) of the jejunum bang excised The stump of jejunum, wuth 
tlie fistulous tract leading into the transverse colon, was remmed wnth a wude 
margin of large intestine Aseptic closure of the opening into the transi erse colon 
was accomplished 

The severed ends of the jejunum were then united bj end-to-end suture Ten 
inches (25 cm) distal to the anastomosis of the small intestine a jejunostomi was 



Fig 3 — The clamp is in place for removal of the septum b\ pressure necrosis 
Note the special teeth on the clamp 

performed bj the Witzel method, using a no 16 double-ejed catheter, which was 
brought out through a stab W’ound in the left upper quadrant of the abdomen 
This prOMded a means of feeding the patient until the jejunal anastomosis had 
healed and would Eer\e for a longer period as well if the duodenum should pro^e 
to be as constricted as the roentgenologist had reported The openings m the 
mesenten of the transverse colon and into the lesser omental cantv were then 
closed To m> disappointment, examination then re\ ealed that suture of the trans- 
\erse colon following excision of the fistulous tract had resulted m marked nar- 
rowing of the lumen, with some ewdence of impaired circulation in the wall of the 
bowel At this time tlie anesthetist reported that the patient’s pulse was slightlj 
irregular, and as nearlj three hours had elapsed since the operation had been 
started, it seemed imperatne to finish quickh Tlierefore, the narrow portion of 
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Another patient, who had been struck by an automobile, was m poor condition 
for four days and then gradually improved All signs of intra-abdominal hemor- 
rhage were present, including a fluid wave in the abdomen The hemoglobin con- 
tent was 40 per cent, and there were 2,950,000 red blood cells He was discharged 
on the twenty-third day 

The third patient, who had been run over by an automobile, improved under 
treatment for a week On the eighth day restlessness and abdominal pain began, 
and they continued for four days On the tenth day abdominal distention began, 
continuing until death, and the pulse rate, which had ranged within normal limits, 
began to rise slowly The patient became irrational on the fifteenth day, and 
vomiting began on the seventeenth day Death occurred nineteen days after the 
accident 

At autopsy the liver revealed a large healed laceration, with fibrosis in the 
right lobe near the gallbladder The gallbladder was ruptured, and the abdomen 
was filled with bile 

Prog} ess After Primary Shock or Operation — In all the patients 
who survived the effect of shock and hemorrhage the condition pro- 
gressed in one of two ways The recovery of the first group was 
comparable to that of any other group of patients on whom laparotomy 
has been done for a “clean” condition In the second group certain 
symptoms developed, and there were complications which were attributed 
to the pathologic condition of the liver In this group there were thirty- 
one patients 

Irrationality or stupor was noted m thirteen cases This symptom 
was more frequently intermittent but at times it was continuous , it was 
noted mostly at night Extreme irritability was noted m seven cases 
The characteristics of this symptom paralleled those of irrationality It 
IS probable that this symptom is only a stage of irrationality Vomiting 
was present in eleven cases and suggested that found when the stomach 
is dilated or obstructed Jaundice was present in one patient , it appeared 
m the first twenty-four hours 

The onset of these symptoms was more frequent during the first 
three days and especially on the second day None of our patients sur- 
Mved in whom any one of these s)imptoms persisted for two days or 
longer None lived when any combination of these symptoms appeared 
The mortality of the combined group of patients exhibiting the first two 
symptoms was 85 per cent The total mortality for the entire group 
was 74 per cent (tables 3 and 4) 

The pulse rate averaged about 90 per minute, and the average tem- 
perature was about 99 F, except for the postoperative and the pre- 
agonal rise These observations certainly point to a toxic condition 
on a noninfective basis 

The third of the patients treated without operation whose cases have 
been described had all the symptoms and findings under discussion, and 
his case supports the contention that the condition was toxic without 
infection 
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At the time of writing the patient’s gastric acidity is well controlled by medical 
measures, and fluoroscopic examination shows no signs of duodenal obstruction or 
irritation There are no indications for further surgical intervention A check-up 
will be made six months later 


COMMENT 

Walters, of the Mayo Clinic, reported a case of gastrojejunocolic 
fistula in a debilitated patient with pyloric obstruction on whom he 
planned to operate in two stages At the first operation Walters elim- 
inated the gastroenterostomy anastomosis and closed the colonic fistula, 
performing a jejunostomy to have a means of feeding the patient 
between operations Although m his case the roentgenologist had 
reported no barium leaving the pylorus previous to operation, food 
passed freely from the stomach immediately after the first operation, 
and the jejunostomy tube and second operation were never needed 
A check-up SIX months later showed the patient to be in excellent health, 
symptom-free and with no clinical or roentgenologic evidence of reac- 
tivation of his old duodenal ulcer 

Careful search of the literature fails to reveal a previous leport of 
the use of the Mikulicz procedure in cases of this condition Its advan- 
tages in the prevention of peritonitis have been established Since 60 
per cent of the reported deaths m cases of gastrojejunocolic fistula are 
due to peritonitis, the Mikulicz procedure should be utilized I am 
convinced that faced with a similar problem again, I should carry out 
the Mikulicz procedure immediately after dividing the jejunum and 
not attempt to excise the fistulous tract at the time of operation To 
attempt excision of the fistula and closure of the colon prolongs the 
operation and needlessly increases the danger of peritonitis The colonic 
fistulas in these cases are often so close to the mesentery and so large 
that any form of suture is likely to result m narrowing of the lumen 
or impairment of the blood supply 

Involvement of the mesentery of the transverse colon is often 
observed in cases of carcinoma of the stomach, which requires exten- 

10a The patient gained 40 pounds (18 Kg) in three months He returned 
SIX months after the operation for fascia lata repair of the inguinal hernia At 
that time he was free from symptoms, and the gastric analysis showed free 
hydrochloric acid 46 and total acid 58 The patient was able to do his usual work 
as a rancher A roentgenogram made one year after the operation failed to show 
any evidence of duodenal ulcer, the stomach was entirely empty of barium sulfate 
in two hours The patient’s acidity is controlled by frequent feedings and by the 
omission of tobacco Gastric analysis showed free hydrochloric acid 50 and total 
acid 60, one year after the operation 

11 Walters, Waltman, and Priestley, J T Proc Staff Meet , Mayo Clin 
8 33 (Jan 18) , 339 (May 31) 1933 
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m which an automobile accident caused rupture of the gallbladder 
The spleen was involved in more cases than was any other organ, and 
damage to it was always associated with injury to the left lobe of the 
liver The mortality m this group was 94 per cent (table 7) 

Hemonhage — Abdominal hemorrhage was found m every case and 
varied in degree, depending on the extent of the injury The extent 
and the seventy of the injury coincided in the majority of cases Hem- 


T ^BLE 6 — Dala on Foi ty-One Cases of Hepatic Damage Only 



Stab 

Trauma 

A 

Clean 

Bullet Wound 

Macerating 
Bullet Wound 


Right 

Lobe 

Left 

Lobe 

Right 

Lobe 

Left 

Lobe 

Right 

Lobe 

Left ' 
Lobe 

Right 

Lobe 

Left 

Lobe 

Degree of Injury 

L D 

L D 

L D 

L D 

L D 

L D 

L D 

L D 

Deep 

Superficial 

2 3 

4 0 

1 0 

2 0 

1 3 

3 0 

2 1 

4 4 

4 0 

1 0 


Table 7 — Othet Organs Than Liver Involved, Twenty-One Cases 


Right 

Lobe 


Spleen 0 

Stomach 2 

Small bowel 2 

Diaphragm 3 

Colon 1 

Spmal section l 

Gallbladder 1 

Total 10 


Left 

Lobe 

Both 

Lobes 

Total 

Recovery 

Death 

4 

0 

4 

0 

4 

3 

1 

6 

0 

0 

1 

0 

3 

1 

2 

1 

0 

4 

0 

4 

1 

0 

2 

0 

2 

0 

0 

1 

0 

1 

0 

0 

I 

0 

1 

!■ 1 
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10 

1 

21 

I 

20 


Table 8 — Mortality in Relation to the Degree of Abdominal Henwrihage 


Degree of Hemorrhage 

Slight 

Moderate 

Severe 


Death Recovery 
0 2 

2 7 

37 14 


orrhage was classified as slight, moderate and severe Tables 8 and 9 
show interesting findings 

The more recent conception of the mechanism of shock produced by 
hemorrhage and its treatment has been clearly described by Freeman,^® 
in a recent paper Loss of large amounts of blood causes a powerful 
stimulation of the adrenal glands to produce epinephrine, in an effort to 
keep up an adequate circulation of fluid by constriction of the peripheral 

10 Freeman, N E Hemorrhage in Relation to Shock, Ann Surg 101 
484 (Jan) 1935 





HEPATIC TRAUMA 


ANALYSIS OF SIXTY CASES 

EARL G KRIEG, MD 

DETROIT 

This paper is a suivey of the cases of sixty patients who had under- 
gone hepatic trauma who were brought to the City of Detroit Receiving 
Hospital during the period from 1927 to 1934, inclusive, and represents 
with some degree of accuracy the frequency of this condition in Detroit 
Practically all patients with a condition of this nature are brought into 
the emergency ward by police ambulance a short time after the accident 
The distribution of the patients m regard to age, color and sex is 
shown in table 1 The majority were in the so-called age period of 
greatest activity 


Table 1 — Age, Color and Sex Distribution of Patients 










Color and Se'^ 






Age Years 




Negro 

Wliito 


3 to 4 

10 to 20 

20 to 30 

30 to 40 10 to 50 

Over 50 Male Female 

Male 

% 

Female 


2 

9 

29 

10 

7 


3 21 

4 

31 


4 





Table 2 

— Mode of Injury 








Gunshot (41) 




Trauma (10) 

Stab (9) 

Quarrel 

Police 

Robbery 

Accident 

Suicide 



Unclas 

sifled 

Auto- 

mobile 

Fall 




Q) 

s 

0) 




0> 


09 


0> 

Male 

E 

Male 

Fema 

*2 s 

2 S 

^ Fq 

Male 

Fema 

Male 

os 

8 

09 

Pm 

Male 

tema 

Male 

Fema 

Male 

Fema 

Male 

E 

O 

Pm 

9 

7 

6 0 

6 0 

5 0 

1 

0 

8 0 

7 2 

1 0 

7 

2 


Injury to the liver in every case in this series was caused by external 
violence The patients were divided into three groups those with 
gunshot wounds, 68 per cent, those with trauma, such as that caused 
by an automobile, a street-car or a fall, 17 per cent, and those with stab 
wounds, 15 per cent The largest subgroup in any of these divisions 
was made up of persons taking part in the eternal tiiangle, and, as one 
can surmise, about 50 per cent of the patients were women (table 2) 
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SUMMARY 

The mortality for the whole group was 61 6 per cent , the mortality 
in the group in which operation was performed was 566 per cent 
The most serious prognosis obtains in cases of contusion (caused by 
automobile accident, etc ), deep wounds or injury to the right lobe of 
the liver and in those in which contiguous organs are also involved 

Irrationality, irritability, vomiting and jaundice are serious prog- 
nostic signs 

Hemorrhage was always present, extensively in 80 per cent of the 
cases Immediate adequate replacement of fluid is indicated , epinephrine 
should not be given 

Deep hepatic wounds are best treated by small drains inserted deeply , 
suture IS adequate for superficial wounds, abdominal drainage is nec- 
essary in all cases 

Shock due to trauma and hemorrhage caused 73 per cent of the 
patients m whom they occurred to die within seventy-two hours Bile 
peritonitis was the next most frequent cause of death 

1842 David Whitney Building 
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gency cases, I do not believe that it should be used in the presence of 
severe hemorrhage such as one finds in cases of hepatic trauma 

The hepatic wound was treated by packing in forty-one cases and 
by suture in fifteen cases It is of interest to note that in the majority 
of cases the gauze was not inserted into the wound with enough pressure 
to control hemorrhage and frequently it was merely placed against the 
wound, yet m no case was there alarming bleeding after the patient 
returned to the ward In several of the cases large amounts of gauze 
were packed into an area of extensive trauma, and m all these there 
developed symptoms of obstruction Dragstedt ^ has shown m dogs 
that even a minor degree of pressure in this region easily produces 
obstruction Walters * has shown experimentally and clinically that a 
definite syndrome is set up by pressure about the liver 

The experiences of Anderson,® Halstead,^ Robertson and R R 
Graham,® A J Graham ® and Tilton suggest that the insertion of a 
small pack or dram into the deep hepatic wounds is the method of choice 
Drainage is imperative for deep hepatic wounds, to prevent encapsulated 
collections of blood, bile and pus Suture of the clean superficial wound 
is adequate Leakage of bile in some degree is present in all cases, 
and It would appear that abdominal drainage of some type is necessary 
regardless of the technic used 

Ticatment Without Operation — Of the five patients treated medi- 
cally, two died within three hours The other three were children m an 
extreme state of shock, and improvement was not shown until after 
the third day 

One patient had a gunshot wound through the dome of the liver and the dia- 
phragm, and signs of subdiaphragmatic abscess developed six weeks later Trans- 
pleural drainage was done, but no pus was obtained The wound drained for several 
days and healed promptly The patient was discharged two weeks later It is most 
probable that her condition was similar to that m the cases described bv Robertson 
and Graham,® Graham ® and Anderson,® m which a collection of blood or bile was 
present m the substance of the liver 

4 Dragstedt, C C Acute Dilatation of Stomach, J A M A 79 612 
(Aug 19) 1922 

5 Walters, W Accumulated Bile Displacing Liver, Surg, Gvnec &. Obst 
47 421, 1928 

6 Anderson L Central Ruptures of Liver and Their Complications, Beitr 
z khn Chir 135 696, 1926 

7 Halstead, A E Four Cases Requiring Lner Surgery, S Clin North 
America 3 973 (Aug ) 1923 

8 Robertson, D E, and Graham, R R Rupture of Liver Without Tear 
of the Capsule, Ann Surg 98 899 (Nov ) 1933 

9 Graham, A J Subcutaneous Rupture of the Lner, Ann Surg 86 51 
(July) 1927 

9a Tilton, B J Considerations Regarding Wounds of Lner, Ann Surg 9 
27 (Jan) 1905 
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crystalline molecular arrangement which is recordable on photographic 
film The principle is the same as the diffraction grating, in which a 
series of finely drawn black lines on plate glass interfere with rays of 
visible light, causing them to be broken up into a spectrum 

De Jong ^ found in all specimens of bone examined, both ancient and 
modern, lines typical of the apatite group of calcium phosphate min- 
erals, this means that calcium phosphate [Ca3(P04)2] and calcium 
carbonate [CaCOg] are present as a double salt rather than as mixtures 
of calcium phosphate [Ca3(PO,)2] and calcium carbonate [CaCOs] 
This work was confirmed ® and extended by Roseberry, Hastings and 
Morse, ^ who found that most of the lines in both bone and teeth cor- 
responded closely with the apatite mineral dahlite and that calcium 
carbonate [CaCOg] does not exist in bone as such J H Clark “ showed 
that the apatite crystals in the shaft of a long bone have a tendency 
to longitudinal orientation, and she presented evidence that organic crys- 
tals (collagen) are present G L Clark and Mrgudich ® confirmed 
J H Clark’s observation regarding the orientation of inorganic crystals 
along the surface of the long axis of the humerus of the rat and found 
that this tendency to long fiber orientation was not normally present 
in regions of bone where tendons or bony processes were attached or 
during the active and healed stages of rickets 

This idea that the inorganic salts of teeth and bone are similar to 
the apatite salts of nature is not new but was postulated by Hoppe ' 
in 1862 on analytic grounds Further evidence ® obtained by stoichio- 
metric methods supports this view The formula for the inorganic 
salts of bone proposed by de Jong gives the most reasonable concept 
of the normal inorganic crystallites 3 Cag ( PO^ ) n CaXo m which Xj 
represents COg, O, CI2, Fg, (OH)„, SO4 

This formula may be regarded as adequately explaining the normal 
bone salts, but it does not indicate the quantitative amounts of the 
various apatite salts present which apparently depend on other factors 
Morgulis ® made a significant observation that in the bones of marine 
fishes the calcium phosphate [Cag(P04) 2] -calcium carbonate [CaCOg] 
ratio IS radically different from that in all other animals examined, 
and he logically accounted for the diminished amount of calcium car- 

2 de Jong, W F Rec d trav chim d Pays-Bas 45 445, 1926 

3 Taylor, N W, and Sheard, C J Biol Chem 81 479, 1929 

4 Roseberry, H H , Hastings, A B , and Morse, J K J Biol Chem 

90 395, 1931 

5 Clark, J H Am J Physiol 98 328, 1931 

6 Clark, G L, and AIrgudich, J N Am J Physiol 108 74, 1934 

7 Hoppe, F Virchows Arch f path Anat 24 13, 1862 

8 Gassmann, T Ztschr f physiol Chem 70 161, 1910 Bogert, L J, and 

Hastings, A B J Biol Chem 94 473, 1931 

9 Atorguhs, S J Biol Chem 93 455, 1931 
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Bronchitis was present in six cases, but all the patients recovered 
rapidly Abdominal distention requiring active treatment occurred m 
five cases, one of which was an instance of infective peritonitis follow- 
ing secondary closure 

Hepatic Wounds — Hepatic wounds are divided generally into deep 
and superficial wounds Foui types are further described in this survey, 
as follows (1) clean incision produced by a stab, (2) clean puncture 
by a bullet, (3) macerating puncture by a bullet and (4) rough fracture 
caused by contusion 


Tmsle 3 — Ousel of Syniptoins (in Days) 



1 

2 

3 

4 

6 

8 

9 

14 

15 

19 

Total 

1 Irrationality 

2 

Z 

2 


1 


1 

1 



13 

2 Irritability 

1 

4 

1 



1 




1 

7 

3 Vomiting 

1 

4 

2 

1 

1 

1 



1 

1 

11 

Total 

4 

13 

5 

1 

2 

2 

1 

1 

1 

2 

31 


Table 4 — Duration of Sympionts in Days 


1 

2 

3 

4 

5 

14 

Total 

1 Irrationality 

5 

3 

2 

2 

1 


IS 

2 Irritability 

4 

1 

1 


1 


7 

8 Vomiting 

5 

4 



1 

1 

11 

Total 

14 

8 

3 

2 

3 

1 

31 


Table 5 

— Mortality 

in Relation to the Lobe hijnicd 




Right Lobe 



Left Lobe 


Type of Iniury 

' No of 
Patients 

Died 

Lived 

No of 
Patients 

Died 

Lived 

Stab 

5 

3 

2 

4 

0 

4 

Trauma 

8 

7 

1 

2 

2 

0 

Bullet, clean wound 

9 

5 

4 

G 

3 

s 

Bullet, macerating wound 

17 

9 

8 

7 

6 

1 


- 



— ■ - 

_ 

1 

- 

Total 

39 

24 

15 

19 

11 

8 


The right lobe was involved in thirty-nme cases, the left lobe in 
nineteen and both lobes in two In two thirds of all the fatal cases 
there was injury to the right lobe (table 5) 

In forty-one cases the liver was the only organ involved In the 
cases of injury to the right lobe there was higher mortality The deep 
wounds caused all the deaths , the seven patients suffering from super- 
ficial wounds lived even when severe hemorrhage was present (table 6) 
Otlici Oigans Involved — In twenty-one cases other organs ^^ere 
involved, in all these the injury was caused by gunshot, except in one. 
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the important observation that calcification of epiphyseal cartilage in 
rickets took place in normal serum but not in rachitic serum , Robison 
and Soames and Shipley, Kramer and Howland found that it simi- 
larly occurred in artificial fluids in vitro The calcification is analogous 
to spontaneous healing m rickets and takes place in the presence of 
adequate calcium and phosphorus ions, at an appropriate pu at body 
temperature It does not occur in the icebox and is inhibited by a 
numbei of factors, such as soaking in chloroform, ether or solution of 
foimaldehyde, the presence of magnesium lons,^® an increase of total 
ions in solution,^® the presence of dextrose and heating to a tempera- 
ture of 60 C foi ten minutes 

It was by the use of rachitic cartilage m vitro as an indicator that 
Robison proved the presence of the monophosphoric esterase, phosphatase, 
in calcifying cartilage Robison pointed out that there were two mech- 
anisms involved in the formation of rachitic epiphyseal cartilage (1) 
the monophosphoric esterase and (2) a mechanism concerned with local 
deposition from a supersaturated solution in the selective way that 
occuis in healing rachitic cartilage in vivo, cuidely expressed as “the 
line test ” 

An important advance recently achieved by Robison and Rosen- 
heim was the successful deposition of a line of strontium in rachitic 
epiph3'seal cartilage in vitro from an inorganic solution in which stron- 
tium rejflaced the calcium ions This is experimental evidence that the 
deposition from inorganic solutions is not a specific effect of calcium 
and further that any difficultly soluble salt in a faintly alkaline medium 
IS biologically precipitable as a bone sSlt 

MECHANISM or PRECIPITATION OF INORGANIC SALTS IN BONE 

Be} ond the fact that bone contains a phosphoric esterase in large 
amount, even at a bone age of less than 24 hours,^® nothing is known 
about the mechanism of calcification in mammalian bone However, 
Fell and Robison successfully cultivated in vitro the isolated femur 

13 Robison, R , and Soames, K M Biochem J 18 740, 1924 

14 Shipley, P G , Kramer, B , and Howland, J Biochem J 20 379, 1926 

15 Shipley, P G, and Holt, L E Bull Johns Hopkins Hosp 41 437, 1927 

Kramer, B , Shelling D H, and Orent, E R ibid 41 426, 1927 Robison, R , 

MacLeod, M , and Rosenheim, A H Biochem J 24 1927, 1930 

16 Shelling, D H , Kramer, B, and Orent, E R J Biol Chem 77 157 
1928 

17 Robison, R, and Rosenheim, A H Biochem J 28 684, 1934 

18 Robison, R (a) Biochem J 17 286, 1923, (b) The Significance of Phos- 
phoric Esters in Metabolism, New York New York University Press, 1932 

19 Huggins, C B Biochem J 25 728, 1931 

20 Fell, H B , and Robison, R Biochem J 23 767, 1929 
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vessels Repeated or continuous hemorrhage continues the stimulation 
until a point is reached after which no therapy is successful Early 
replacement of an adequate amount of fluid is necessary and promptly 
gives good results His experiments pointed out that transfusion of 
blood or administration of a 6 per cent solution of acacia gives the best 
results This work also contraindicated the giving of medicinal stimu- 
lants, especially epinephrine 


Table 9 — Hemotihage m Relation to the Degree of Injuty 



Slight 

Moderate 

Severe 

Death 

Recovery 

stab 

0 

2 

7 

3 

6 

Trauma 

0 

0 

10 

9 

1 

Clean bullet n ounds 

1 

4 

10 

8 

7 

Macerated bullet wounds 

1 

o 

o 

22 

17 

9 

Superficial bullet wounds 

1 

2 

4 

0 

7 



Table 10 

— Mortality Caused by Various Agents 



Agent 

Died 

Lived 

Gunshot 


25 

16 

Stab 


3 

0 

Trauma 




Automobile 


8 

1 

Fall 


1 


Total 


37 

21 


Table 11 — Complications Causing Death 



24 

48 

72 

4 

5 

6 

7 

8 

9 

19 

21 


Hrs 

Hrs 

Hrs 

Days 

Days 

Days 

Days 

Days 

Days 

Days 

Days 

Hemorrhage and shock 
Toxic (bile) peritonitis 
Infective peritonitis 
Mediastinal pressure 

20 

3 

4 

1 

1 

3 

1 

1 

1 

1 

1 1 

Total 

20 

3 

4 

1 

1 

3 

1 

1 

1 

1 

1 


Moitality and Cause of Death — The mortality in the entire series 
was 61 6 per cent , the mortality m cases in which operation was per- 
formed was 56 6 per cent, and that in cases in which there was no 
operation was 60 per cent Table 10 shows the relation between the 
agent of trauma and the mortality 

Hemorrhage and shock caused death m 73 per cent of the cases in 
which they occurred, and all the patients died within three days, only a 
few living longer than twenty-four hours Because all these cases were 
“coroner’s cases,” autopsy was performed by us in only three A number 
of deaths termed “toxic deaths” probably belong to the “bile peritonitis” 
group because they resembled them clinically m all details (table 11) 
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The present experiments were concerned with two questions (1) 
whether a local calcium deposition stimulates osteogenesis and (2) the 
nature of the epithelial osteogenetic stimulus 

THE INFLUENCE OF LOCAL CAI CIUM DEPOSITS ON OSSIFICATION 

The evaluation of the impoitance of a local calcium deposit as an 
osteogenetic stimulus is difficult It seems plain that the solid phase 
of the bone salt facilitates further deposition from a supei saturated 
solution of calcium with phosphate and other anions concerned in apatite 
formations From a biologic j^tandpoint, formation of bone adjacent 
to calcified tubercles, fibroids, atheromatous plaques and lenal calculi 
IS not an uncommon observation Moreovei, the presence of bone salt 
deposition m the scaffolding of calcified cartilage in bones which pass 
through a chondial stage appaiently facilitates replacement of the car- 
tilage by bone, but in what manner this takes place it is impossible 
to say at present Since bone forms m the skull and clavicle without 
a calcified precursor, it is known that a calcified deposit is not an 
absolute prerequisite From an expeiimental standpoint, calcium salts 
have apparently led to formation of bone in two instances Barth 
implanted ashed bone in the peritoneal cavity of the cat and observed 
new formation of bone closely adjacent Similarly, Wurm observed 
bone three months after implantation of a calcium phosphate-calcium 
carbonate mixture in young rabbits, after completely negative results 
had been observed in older animals 

These experimental observations showing that bone has formed away 
from the skeleton, however, have not been confiimed by the experience 
of most workers, notably Morpurgo and Martini, Liek, Pochhammer, 
Rhode and others The issue is somewhat clouded by the lesults of 
experimental implantation of calcium salts in an aitificial bone defect, 
since it IS difficult to tell how much new foimation of bone arises from 
the oiiginal skeletal elements gi owing along and through the implanted 
inorganic salts and how much arises from direct action of these salts 
on nonskeletal fibroblasts Thus Albee and Morrison,*- Munay,** Cre- 
tin *■* and others expressed the belief that inorganic salts facilitate the 
healing of artificially created bone defects On the other hand, 

28 Huggins, C B Bone and Calculi in the Collecting Tubules of the Kid- 
ney, Arch Surg 27 203 (July) 1933 Phemister, D B Ann Surg 78 239, 
1923 

29 Barth, A, cited by Wurm^^ 

30 Wurm Verhandl d deutsch path Gesellsch 25 191, 1930 

31 Cited by Wurm, H Beitr z path Anat u z allg Path 85 401, 1930 

32 Albee, F H , and Morrison, H F Ann Surg 71 32, 1920 

33 Murray, C R J Dent Research 11 837, 1931 

34 Cretin, A, cited by Haldeman and Moore 
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Despite the numerous expernnenta! data acquired especiall) since 
1923, there are still defects in the knowledge of calcification in nonnal 
tissues, that is in calcified cartilage, teeth and bone During this twelve 
year period, great advances m the subject ha\e been made, much greater 
confidence is now held m the ideas of the state of calcium m the circu- 
lating blood and of the nature of the bone salts Moreoier progress 
has been made m elucidating mechanisms b} which transference is 
accomplished from the former a liquid phase, to the solid phase found 
in calcified normal tissue The importance of these mechanisms is 
obiious It is elementary but axiomatic that improvements m knoivl- 
edge of biologic mechanisms are reflected in improved clinical efiicienc} 

The purpose of the present communication is to indicate briefl} 
some of the recent advances in this field and to present se\eral experi- 
ments W'hich perhaps integrate the subject further 

NATURE OF THE BONE SALT 

The organic matrix of bone is little understood As far as is know n 
* It consists of the same collagen that is present in common connectue 
tissue and cartilage ^ togethex w ith an albuminoid and mucoid , the 
organic fraction contains a protein constituent with reducing character- 
istics, not precipitated by tri-chloracetic acid and soluble in acetone 
Great advances ha\e been made in understanding the nature of the 
inorganic bone salt, especially by the use of roentgen spectograph} The 
principle of this method is that crystalline aggregates cause diffraction 
of roentgen raxs with the production of a spectrum txpical for each 

From the Department of Surgen of the Unucrsiti of Chicago 
1 Morner, C T Ztschr f ph\ siol Chem 20 237, 1895 Haw k P B , and 
Gics \Y J \m T Pin siol 5 387, 1901 
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3 Implantation of inorganic salts in the skull led to a slightly different result, 
m that in specimens examined four, six and eight weeks after implantation the 
new processes of bone which formed at the cut margins of the trephine defect 
were observed growing over the implant, and m several instances appositional 
replacement occurred 

Comment — The conclusion was reached that apatite implants of bone 
did not stimulate the connective tissue of the abdominal wall to form 
bone in the length of time in which these implants were present before 



Fig 1 — Section (X 30) showing transplant of deciduous tooth to abdominal 
muscles in a dog, sixty-three days after operation New bone formation is shown 
in the fibroblasts filling the pulp canal 

complete absorption took place The absence of giant cells during the 
resorptive process was a noteworthy feature 

Experiment 2 — Ncxv jo) motion of bone by fiansplaiitatton of teeth to the 
abdominal wall 

Method — In ten joung dogs between 6 and 9 weeks of age under ether anes- 
thesia the deciduous canine tooth was painted with tincture of iodine and ampu- 

40 Barth, A Arch f Um Chir 46 409, 1893 Marchand, F Der Process 
der \\'undheilung, Stuttgart, Ferdinand Enke, 1901 
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bonate b}' referring it to the low plasma bicarbonate concentration of 
the blood in these species As Morguhs pointed out, this observation 
militated against the view that the carbonate apatite is the principal 
crystallite deposited in normal tissues The distribution of the apatites 
in the bone of the fish seemingly is dependent on the constitution of 
the circulating blood, and presumably larger amounts of oxyapatite and 
hydroxyapatite are piesent in fishes than in mammals, in which the 
high plasma bicarbonate accounts for carbonate apatite deposits 

The blood serum under abnormal conditions similarly afifects the 
mineral composition of bone While normally the pimcipal cations 
present are calcium and magnesium, in poisoning otheis, such as the 
salts of lead, strontium, silvei, radium and related salts, like thorium,^® 
form in bone, reflecting their presence in the blood stream More- 
ovei insoluble lakes such as are formed between aiizarate and calcium 
accumulate in bone when they are present in the blood stream There 
IS another class of substances which from their chemical behavior 
throw light on the deposition mechanism, that is, the accumulations of 
urates in bone in gout In this case the cation is soluble and the anion 
very slightly soluble at physiologic hydrogen ion concentrations in the 
tissues, and nevertheless the urate accumulates at certain areas in bone 

The conclusion, then, is that the inorganic constitution of bone is 
influenced by the composition of the body fluids, and under normal 
conditions the predominant salts are of the apatite group, which may 
be expressed by the formula of de Jong, but that under abnormal con- 
ditions other salts accumulate and that any chemical combination which 
tends to make an insoluble or difficultly soluble salt m a faintly alkaline 
watery medium will be found m bone and teeth 

THE STATE OF CALCIUM IN THE BODY FLUIDS 

Using a biologic method which depended on the sensitivity of the 
heart of the frog foi calcium ions, McLean and Hastings discovered 
that total calcium, total protein and calaum bound to protein are all 
interrelated in an equilibrium which as a first approximation can be 
represented by a simple mass law equation In other words, the amount 
of ionized calcium is greatlv influenced by the protein concentration of 
plasma 

MECHANISM OF DEPOSITION OF APATITE SALTS IN CARTILAGE 

Significant data ha\e been accumulated on the deposition of apatite 
salts in cartilage, especially on calcification m Mtro Shiple} made 

10 Behrens, B, and Baumann, \ Ztschr f d ges e\pcr Med 92 251, 1933 

11 McLean, F C , and Hastings, A B Proc Soc E\per Biol &. Med 
30 1344, 1933 , 31 529, 1934 

12 Shlple^, P G Bull Johns Hopkins Hosp 3S 304, 1924 
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2 Implantation of Boiled Deciduous Teeth A similar encapsulation of the 
tooth and filling in of the pulp cavity with newly formed connective tissue were 
found In everv case there was complete absence of bone (fig 3), although 
unboiled teeth from the same animal constantly contained deposits of new bone 
In these implants of deciduous teeth the enamel was apparently undisturbed by 
resorptive changes which affected the dentin 

3 Implantation of Unboiled Unerupted Teeth In this experiment bone nas 
found m the pulp space in seven of ten teeth imp'anted in the abdominal wall, 
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Fig 3 — Section (X 30) showing transplant of a boiled deciduous tooth to 
abdominal muscles, sixty-three days after operation No bone formation is present 

although it was less in amount than in the deciduous teeth In three cases an 
interesting creeping substitution of the enamel occurred (fig 4) 

Co juiiii’ Ilf — This experiment is mterpretable from tivo obvious 
standpoints Either the apatite salts of tooth which are identical with 
the inorganic bone salt * act as a local stimulus to fibroblasts or tooth 
cells are carried over in the transplantation and form bone Since 
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from 5^4 and 6 day fowl embryos, and bone formed m their tissue 
cultures, the phosphatase content was low at the time of explantation 
and increased greatly at the time of calcification The mechanism of 
calcification in bone differs appreciably from that of calcification of 
hypertrophic cartilage in that, as stated, cartilage calcifies m vitro under 
favorable conditions wheieas osteoid does not calcify under the condi- 
tions which are effective for calcification of cartilage 

The question whether the osteoblast is or is not a specific type of cell 
endowed with specific functional characteristics seems to be settled in 
the affirmative The opinion most recently stated by Jones and Rob- 
erts,-^ and previously advocated by LeRiche and Pohcard,-- that the 
osteoblast cannot be regarded as a cell endowed with the specific powei 
of laying down bone and that the bone cell is a fibroblast impris- 
oned m bone m a state of quiescence, can easily be shown to be erro- 
neous, and further data m this legard wull be presented later The 
evidence shows that the osteoblast is derived from cells of the fibroblast 
series and that it differs from its precursors, although more from a 
physiologic than from an anatomic standpoint 

It was shown m the dog that ossification occurs readily in certain 
fibroblast areas under the influence of the epithelium of the urinary 
tract These observations derived from surgical methods have been 
confirmed by several groups of workers The mechanism by which 
epithelial cells influence certain fibroblasts to produce bone is unknown , 
except for phosphatase determinations and the failure of an extract 
of bladder mucosa to form bone,-*** no chemical facts are known about 
this effect, which is still m a -descriptive physiologic state A similar 
effect has been found m the mucosa of the gallbladder in the dog and 
the guinea-pig -® and in germ elements of teeth 

21 Jones, R Watson, and Roberts, R E Bnt J Surg 21 461, 1934 

22 LeRiche, R , and Pohcard, A The Normal and Pathological Physiology 
of Bone, translated by S Moore and J A Key, St Louis, C V Afosby Company, 
1928 

23 Huggins, C B (o) Proc Soc Exper Biol & Aled 27 349, 1930, (b) 
The Formation of Bone Under the Influence of Epithelium of the Urinary Tract, 
Arch Surg 22 377 (Alarch) 1931 

24 (a) Abbott, A C , and Goodwin, A AI Canad M A J 26 393, 1932 

(b) Gopher, G , Key, J A, and West, E S Proc Soc Exper Biol &. Aled 
29 646, 1932 (c) Roome, N W, and McAIaster, P E Influence of Venous 
Stasis on Heterotopic Formation of Bone, Arch Surg 29 54 (July ) 1932 (d) 

Regen, E M, and Wilkins, WE J Lab & Clin Aled 20 250, 1934 (e) 
LeRiche, R , and Lucinesco, E Presse med 43 137, 1935 (/) Jung, A , and 
Cemil, S ibid 43 140, 1935 

25 Huggins Regen -'*'1 

26 Huggins, C B , and Sammett, J F J Exper Aled 58 393 1933 

27 Huggins, C B , AIcCarroll, H R , and Dahlberg A. A. J Exper Med 
60 199, 1934 
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described as invading dentin and enamel in the fashion known as creep- 
ing substitution Hojer and Wolbach and Howe similarly noted 
formation of bone (osteodentin) in the pulp in cases of vitamin C and 
vitamin A deficienc}^, which shows that undei this abnoimal circum- 
stance the odontoblasts lose histologic polarity and act as osteoblasts 





Fig 5 — Roentgenogram of a spleen in which four pieces of epithelium of the 
urinarj bladder had been transplanted m the upper two thirds with no bone for- 
mation, while m the low'er pole, where epithelium and sheath of the rectus abdom- 
inis muscle were transplanted together, bone ivas formed at fifty-seven days The 
arrow points to the bone densitv 


42 Hojer, J A Acta piediat (supp ) 3 8, 1924 

43 Wolbach, S B , and How'e, P R Am J Path 9 275, 1933 
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Eden/^ Key,®® Haldeman and Moore and Brunschwig and Harmon,®® 
representing a majoiity of the investigators in this field, reported that 
the solid bone salts have no or slight influence on the production of new 
bone Furthermore, as pointed out by Brunschwig and Harmon,®® the 
fact that certain skeletal tumors ossify together vith all metastases 
strongly indicates the presence of a specific cell type, the osteoblast 

EXPFRIMFNTAL DATA 

Experimext 1 — liitplaiitafion of bone salts in abdonnnal xvall swgical defect 
m ub and iicphtnc defect in sLiilI 

Method — The femur and skull of a 1 jear old dog were sawed into segments 
2 cm m length, and these were boiled m a 5 per cent solution of potassium 
hydroxide for three days, the alkali being changed repeatedly, until the organic 
framework was completely hydrolyzed The completeness of hj'droljsis was deter- 
mined by the absence of nitrogen as determined by the Kjeldahl method The 
masses of bone were then washed for two dais in running w'ater until they exhib- 
ited a neutral reaction, then they were sterilized in an autoclaxe 

With the animal under ether anesthesia, aseptic precautions being used, this 
deproteinized bone w'as implanted (1) betw'een the external oblique and the internal 
oblique muscle of the abdomen in tw'elve dogs, (2) in a 2 cm defect following 
subperiosteal costectomy in six dogs , (3) in a defect produced by a crown trephine 
in the parietal bone of the skull in six dogs The w'ounds were closed wnth fine 
silk The animals w'ere killed at tW'O w'eek periods, beginning tw'o w'eeks after 
operation 

Results 1 Implantation of deproteinized bone into the abdominal w'all did not 
lead to new formation of bone in any instance , the implant was graduall} absorbed 
In the two week specimen many of the channels which had contained blood vessels 
before alkaline hydrolysis were already filled with new blood vessels The inor- 
ganic salts had become infiltrated with protein, so that after decalcification of 
the specimen by hydrochloric acid a protein framework was left The osteoevte 
spaces were not infiltrated by^ cells The mass was surrounded by a capsule of 
fibrous tissue Noteworthy was the absence of giant cells 

Specimens examined four, six and eight weeks after implantation showed similar 
features, it was difficult to prove absorption of the inorganic salts up to this 
time, although it was behev'ed that it had occurred In specimens examined ten, 
tweh'e and fourteen weeks after implantation the absorptive process was clearly 
seen, there had occurred fragmentation of the bone salt implants After sixteen 
and eighteen weeks only traces of the implants were detectable 

2 Implantation in a costal defect led to encapsulation of the inorganic salt mass 
bv fibrous connective tissue, with partial extrusion of the mass out of contact 
with the rib and partial resorption in each case No sign of formation of new 
bone was observed 


35 Eden, R Khn \\ chnschr 2 1798, 1923 

36 Kev J A J Bone &. Toint Surg 16 176, 1934 

37 Haldeman, K O , and Moore, J M Influence of Local Excess ot Cal- 
cium and Phosphorus on the Healing of Fractures -kn Experimental Studv, 
krch Surg 29 385 (Sept ) 1934 

38 Brunschwig \ , and Harmon, P H Am J Cancer 22 342 1934 

19 Brunschwig A and Harmon, P H Surg, Gviiec & Obst 57 711, 1933 
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A similar change of tooth cell to osteoblast type is predicated m the 
present experiment, m which the tooth was transplanted from its normal 
environment to the abdominal wall 

Experiment 3 — Ti ansplantaUon of the epithelium of the uiinmy bladdci to the 
abdominal fascia m the 7 at and gitinca-ptg, lesultuig in osteogenesis 

Method — In four rats and three guinea-pigs under ether anesthesia, the peri- 
toneal cavity was opened, the urinary bladder exposed and the dome amputated 



p,g 7 — Section (X 140) showing lesical epithelium alone transplanted to 
the spleen at forty-seien days there is absence of bone formation, although the 
epithelium is surrounded bj fibroblasts 


The excised epithelium was then sutured on the external oblique muscle Closure 
of the bladder i\as effected with a purse-strmg suture of fine silk placed m the 
laiers of muscle, infolding the cut surface 

Results— In each case the transplant sunned and formed a cyst, which was 
parth surrounded bj a plaque of bone The results correspond in every way 
w ith the findings m a similar experiment on the dog 
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tated with a hollow rongeur, at a point about 3 mm distal to the margin of the 
gum It was found that w'lth practice this could be done without splintering the 
tooth Maintaining this distance from the margin of the gum wnthout splintering 
the tooth assured the absence of bone cells in the transplant In four anesthetized 
pups of the same age an incision was made in the mucosa o^erlving the permanent 
unerupted canine tooth, this was exposed, the membranes w’ere opened, and the 
tooth was extracted In both the permanent and the deciduous teeth the pulp was 
gentlj lifted out and discarded At least tw'o teeth of each dog were thus 
obtained, and one of the pair was boiled for ten minutes m water to assure death 



Fig 2 — Higher magnification (X 250) of the section presented in figure 1, 
show mg a portion of the pulp canal, with creeping substitution of dentin at 


of the cells The teeth were implanted in the abdominal wall, between the internal 
and the externa! oblique muscle The specimens were recoiered between thirtj- 
fne and sixtj -three dais after implantation 

Results — 1 Implantation of Xonnal Deciduous Teeth In each case fibrous 
connectne tissue was found filling the pulp space of the tooth, and alwais new 
bone was found, usinlh in this tissue (fig 1), hut m four teeth there was no 
O'-Mfic ition m the pulp space In e\cri case there was found oppositional substi- 
tution of the dentin In bone (fig 2) The tooth was encapsulated b\ fibrous 
connectne tissue In two teeth infection was present, and in these teeth the 
unoint of new lone was small 
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this technic there was no wound of the peritoneum closer to the patch than these 
needle holes Typical bone formed, and a curious effect was achieved Mucosa 
and connective tissue were seen growing along the threads as well as becoming 
locally adherent, the bone formation recovered consisted of a solid plaque the 
shape of the original patch, with four bony processes corresponding to the threads 

COMMENT 

Experiments 1 and 2 show dearly that a local calcium depot is not 
a rapid stimulus for the foimation of hone To be reconciled with the 
experimental data, however, is the fact that frequently bone occurs in 
old calcified lesions The explanation of this phenomenon may be found 
possibly m the fact that a longer peiiod is necessary for apatite calci- 
fication to effect ossification than occurred in the present expeiiments, 
and hence that apatite salts may serve as a slow indolent stimulus to 
ossification A separate explanation that may be provided is that the 
bone obseived in pathologic conditions der'^eloped at the time of the 
original calcification and suivived 

The expeiiments m which bone was formed as a lesult of the epi- 
thelial stimulus show that the same mechanism is at work in the guinea- 
pig and rat as in the dog , the epithelium that lines the urinary bladder 
of these animals is an osteogenic membrane Ossification is prevented 
b}'^ a functional difference between connective tissues It is interesting 
that the outer fibroblasts of the subperitoneal coat of the uiinary bladder 
are not capable of resisting the bone-forming stimulus of the epithelium 
of the bladder, while the fibroblasts in the interior of the bladder must 
invariably resist it , the formation of bone m the urinary bladder has not 
been described, except in the Neuhof patches 

SUMMARY 

1 Transplantation of bone, hydrolyzed in strong alkali to destroy 
the organic elements, to the abdominal muscles and to replace defects 
in the skull and ribs did not stimulate the formation of new bone 

2 Transplantation of deciduous teeth to the abdominal muscles led 
to the formation of bone in these teeth Boiling completely inhibited 
the formation of bone 

3 Epithelium of the urinary bladder transplanted to the abdominal 
wall in the rat and the guinea-pig led to formation of cysts and produc- 
tion of bone 

4 In the dog, epithelium of the urinary bladder transplanted into the 
spleen did not lead to formation of bone unless connectne tissue capable 
of ossification was transplanted with it Transplantation to the surface 
of the spleen led to the formation of a small amount of new bone in 
se\eral cases 


45 Neuhof, H Surg, Gjnec & Obst 24 383, 1917 



925 


r n^TLOGEN^SlS 

HVGGINS ET .a since It abohshes 

1 inor<^atnc salts ai bone 

„ater Joes not aftect the tn^^ acnhe * 
boihng in net' ,t appears J calcic P 

the lorniation ot n than to ohsei 

t transplanted hone Cental prdp « s f r 

The foroitd'” ' etention the 3« ^he hone has also 

„tteqnentl,,‘'^^ 

tore ol = " ,„ 1 



‘ ‘ ^ ^ sVf*^.r '' ix, 

fV ^50) sbovting P abdominal ^'al . 

d-''" O m Hcnl^e- ^ 

Me. 

« r;^t;*.rh der ffriT® toi tM"— 

«'''T\n'T9iT« \°T iW « «• 



RELATION OF PATHOLOGIC CHANGES OF THE 
INTERVERTEBRAL DISKS TO PAIN IN 
THE LOWER PART OF THE BACK 

DAVID SASHIN, MD 

NbW YORK 

My puipose in this presentation is to direct attention to a considera- 
tion of the impoitance of pathologic changes of the intervertebral disks, 
particulaily those of the lower lumbar portion of the spine and of the 
lumbosacral junction, in the causation of pain in the lower part of 
the back The interveitebial disks have until recently escaped careful 
investigation Although the literature is full of papeis on pain in the 
lower part of the back, they are, on the whole, concerned with the 
presentation of new theoiies, diagnostic procedures and methods of 
treatment Few investigators have attempted to study the underlying 
pathologic condition Schmorl ^ was the first to undertake a careful 
and comprehensive studj'’ of the intervertebral disks at autopsy His 
contributions have gieatly inci eased the knowledge of the anatomy and 
pathology of the disks 

ANATOMY 

The normal adult intervertebral disk consists of a circumferential 
fibious ling, called the annulus fibrosus, a highly expansile nucleus 
pulposus and two thin plates of hyaline cartilage In the living state 
the nucleus is compiessed by the contiguous plates of cartilage and the 
vertebral bodies and is prevented from expanding laterally by the annu- 
lus fibrosus The annulus fibiosus consists of fiim fibious strands 
circumferentially arianged around the periphery of the body and sur- 
rounding the nucleus pulposus The nucleus pulposus and the annulus 
fibrosus comprise the mam substance of the intervertebral disks and 
are separated from the vertebral bodies by the two thin plates of hyaline 
cartilage (fig 1) 

Read before the Orthopedic Section, New York Academy of Medicine, May 
17, 1935 

From the Orthopedic SerMce of Dr H Fmkelstein, Hospital for Joint 
Diseases 

1 Schmorl, G Ueber die an den Wirbelbandscheiben vorkommenden Aus- 
dehnungs- und Zerreissungs\organge und die dadurch an ihnen und der Wirbel- 
spongiosa heri orgerufenen Veranderungen, Verhandl d deutsch path Gesellsch 
22 250, 1927 , Ueber Knorpelknotchen an den Wirbelbandscheiben, Fortschr a d 
Geb d Rontgenstrahlen 38 265, 1928, Ueber die pathologische Anatomic der 
Wirbelbandscheiben, Beitr z klin Chir 151 360, 1931 
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1 ig 6 — Section (X 1-^0) of \csical epitlieliuin and sheatli of the rectus 
abdominis muscle transplanted to the spleen, at tort\-se\en da\s, showing forma- 
tion of lione stneth confined to the transplant 
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bodies to beginning Avascular infiltration of the substance of the disk, 
fibrous replacement of nuclear tissue, brown degeneration, calcification 
of the nucleus, and, in late stages, shrinkage narrowing and ossification 
of the disk (figs 2 and 3) In a sagittal section of an adult spine one or 
more of these changes may be noted in the disks Because of the lack 
of mobility of the dorsal portion of the spine, these changes take place 
early and gradually lead to complete absence of motion 

In the lumbar region, because of the size strength and increased 
mobility of the disks, the pathologic changes of the disk substance haA^e 



Fig 2 — In A maj be seen discoloration and beginning degeneration of the 
loAAest disk, B shows ad^a^ced degeneratue changes, with herniations and nar- 
rowing of the disks, and C, degeneratue changes, with ossification of the disks 
antenorh 

a pronounced effect on the functional actnity and resistance of the 
spine When degeneratn e changes are present in the loAA’^er lumbar and 
lumbosacral interA ertebral disks, the flexibility and mobility of the spine 
are considerably diminished, and its capacity to Avithstand the strain and 
shocks of functional activity is greath reduced 

When a sagittal section of the spine is examined post mortem, one 
frequent!} finds herniation from the disks into the adjacent bodies 
These iiiA'asions are usual!} of small size but often ma} extend for a 
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Experimfxt 4 — Tiaiisplaulatwn of viucosa of the nnmiy bladdci to the spleen 
Method — In sixteen dogs, a large area of the mucosa of the bladder was 
isolated as previously described and the bladder closed The strip of mucosa was 
then treated variously (1) transplanted to the interior of the spleen, (2) sutured 
to a piece of connectue tissue of similar size from the sheath of the rectus abdom- 
inis muscle, both tissues being transplanted together to the spleen, or (3) sutured 
on the surface of the spleen Autopsv was performed between fifty and seventv- 
two dajs after the operation Serial histologic sections were made of the trans- 
plant 

Results — As previously reported,-®** it was found that when mucosa of the 
bladder alone was transplanted to the spleen it survived and became surrounded 
bj connective tissue but no ossification resulted, although when mucosa of the 
bladder was transplanted to the spleen w'lth a connective tissue susceptible of ossifi- 
cation, such as the sheath of the rectus abdominis muscle (fig 6), bone invariably 
formed Howev'er, when mucosa of the bladder was transplanted on the surface 
of the spleen, tinv spicules and traces of bone were found in four of six cases, the 
changes being observed by the use of serial sections 

Experiment S — Ti ansplantation of mucosa of the uitnaiy bladdei to the pen- 
toneum 



Fig 8 — Roentgenogram of a specimen in an experiment in which vesical mucosa 
was transplanted to the external posterior surface of the same bladder for fort}’'- 
nme days The cjst (C) which formed with bone in the outer coat of the bladder 
may be seen The arrow points to the mucosa of the bladder lumen 


Methods — In nineteen dogs under ether anesthesia, large segments of mucosa 
of the bladder were elevated in the manner described and transplanted to various 
parts of the peritoneal cavitj (1) to the omental apron, which vv^as then rolled 
up and sutured so that the transplant did not come in contact with the parietal 
peritoneum, (2) to the posterior surface of the urinary bladder, and (3) to the 
parietal peritoneum Autopsy was performed from fortj-nine to eighty-four dajs 
after the operation 

Results — In everv case bone was found In the omentum, the bladder mucosa 
proliferated and formed a evst partly surrounded bv a plaque of bone immediately 
beneath the epithelium On the outside of the bladder, similarlv, a evst was found 
with bone in the subpentoneal coat of the bladder (fig 8) Likewise, in trans- 
plants to the parietal peritoneum bone was ob'^erved adjacent to the evst m the 
connectue tissue The experiment was modified bv fixing the epithelial patch in 
place with four long threads of silk anchored to the patch and entering the peri- 
toneum 4 or 5 cm from the patch, where thev penetrated the abdominal wall, bv 

44 Huggins, C B Proc Inst Med Chicago 9 89, 1932 
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Another consequence of a prolapse of the disk is that in large hernia- 
tions a considerable portion of the matrix of the nucleus pulposus may 
extend into the body, resulting m shrinkage and narrowing of the disk 
substance With a reduction m its size, movements in the disk are 
restricted, and stiffness results Puschel,® in a study of the water content 
of a series of normal and degenerated intervertebral disks, found that 
the water content of the disks is greatest at birth and decreases with 
age The figures for the degenerated disks are markedly lower than 
those for the normal ones 

Marked degenerative changes of the substance of the disk are often 
seen without any evidence of the heiniation of the disk into the ver- 
tebral bodies or of extension of the disk into the spinal canal These 



Fig 4 — Section through the fourth lumbar and the lumbosacral inter\ertebial 
disk, showing marked degenerative changes and narrowing of the disks Note 
the disk node in the fourth lumbar bod> 

changes result from the general wear and tear of daily activity They 
are more commonly seen in the aged and in men doing hard, laborious 
work The lumbosacral disk, because of the increased strain, mobilit} 
and weight-bearing function to which it is subject, is a frequent site of 
early degenerative changes, with resulting shrinkage and narrowing of 
the disk (fig 4) With the onset of pathologic changes, the nucleus 
loses Its normal elasticity and turgor, becoming firm, dense and immo- 
bile The spine loses its flexibility, resilience and buffer function, and, 
as the process goes on, bony changes of the bodies become evident, with 
resulting stiffness of that part of the spine 

3 Puschel, J Der Wassergehalt normaler und degenerierter Zwischen- 
V irbelscheiben, Beitr z path Anat u z allg Path 84 123, 1930 




HUGGINS ET AL~OSTEOGENESIS 


931 


5 The peiitoneum and adjacent fibroblasts, including the omentum, 
easily ossified undei the epithelial stimulus This led to the conclusion 
that the subpentoneal fibroblasts in the outer coat of the bladder differ 
from the fibroblasts adjacent to the lining epithelium of this stiucture 
in that the former ossify when m contact with bladder epithelium while 
the latter do not The defense against the ossifying action of the epi- 
thelium of the urinary bladder thus is topogiaphicall) confined to the 
inside of the bladdei and is lacking in the outside coverings of this 
viscus 
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may go on without any noticeable evidence of physical impairment or 
subjective complaints until a slight trauma, such as lifting a heavy 
object, a sudden twist or a misstep, precipitates a tram of symptoms 
and physical signs that completely incapacitate the person The trauma, 
although slight, is often sufificient to produce a compression of a patho- 
logic disk 

A severe, sudden injury to the spine is an etiologic factor of far 
less frequenc} An evidence of sudden, severe trauma is the finding 
of bleaks in the cartilage plates and small fresh hemorrhages around 
the herniations from the disk (fig 5) The effect of the trauma depends 
not so much on the intensity of the traumatic agent as on the condition 
of the disk and its capacity to withstand it With the exception of 
severe injuries that result in a fracture of the bone, an injury, such 
as a heavy lilow or fall, which m a young person may give rise only 



Fig 5 — Low power photomicrograph of an extension of an intervertebral 
disk (IDE) into the proximal vertebral body Note the marked vascular infiltra- 
tion and dilatation of the vessels surrounding the disk node 

to slight discomfort, will result m pain and lengthy disability m an older 
person The difference m resistance and adaptability is due in a large 
measure to the condition of the intervertebral disks Thus in the young, 
the disks are expansile and possess a great capacity to absorb and 
"cushion ’ shocks and stresses, while in persons in late adult life, the 
disks are firm, their resilience is reduced and the cushion or buffer 
capacity is greatly diminished 

CLIMCAL PICTURE 

The clinical picture of the pathologic disks is not clearly demon- 
strable There are no distinct signs or symptoms especially character- 
istic of this condition The changes that occur are usually not isolated 
but are rather the result of the general process of wear and tear affect- 
ing the spine and other parts of the bodv Arthritic changes of the 
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The disks form one quarter of the total length of the spine They 
vary in size, being widest and thickest in the lumbar region and smallest 
in the dorsal region In the lumbar region they form a third of its 
length 

The normal adult intervertebial disks ha\e no blood vessels The} 
receive nourishment from the bone marrow of the bodies by diffusion 
The disks permit a considerable range of motion of the spine Owing 
to the expansibility and turgor of the nucleus pulposus, the disks impart 
great flexibility to the spine They act as a buffei or shock absorber 
for the strain and stress of dad} activity Mobility of the spine is 
greatest in the cervical and lumbar regions and least m the dorsal 
Flexion IS freest and most extensive m the lower lumbar portion of the 
spine Goldthwait,- in 1910, determined that one half of the motion 
of the trunk below the lower dorsal region is made up of motion in 



Fig 1 — A, an intervertebral disk of the lumbar portion of the spine of an 
adult Note the bulging nucleus pulposus (JV P ) surrounded by the circumferen- 
tial fibrous ring, the annulus fibrosus (A P) B, cross-section of an adult lumbar 
intervertebral disk, showing the nucleus pulposus (N P ) and the annulus fibro‘;us 
(AF) 


the lumbosacral interveitebral disk and in the joint above it The 
remainder of the motion is distributed between the rest of the lumbar 
portion of the spine and the sacro-iliac joints 

PATHOLOGY 

Pathologic changes of the intervertebral disks are frequently noted 
at autopsy The} ma} be found after the first decade of life liut are 
inainl} seen after the third and increase in frequency with age The 
changes var} from a small herniation from the disk into the vertebral 

2 Goldthwait T E The Lumbo-Sacral 'Articulation ‘An Explanation of 
Mam Cases of “Lumbago,” "Sciatica” and Paraplegia, Boston M & S J 164 
365 (Afarch 9) 1911 
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No forcible manipulation nas used In cases m which the spine was 
rigid and a fixed defounity was present, I did not attempt to correct 
it forcibly, but rather tiled to obtain the best hyperextension position 
possible and to support the spine by means of a plaster of pans jacket or 
spica cast extending from the chest down to the toes of the involved leg 


REPORT or CASES 

Case 1 — H S, a vhite man aged 46, was admitted to the hospital with a 
complaint of pain o\er the lower part of the back and of radiating pain down the 



Fig 6 (case 1) — Oblique view, showing the narrowed lumbosacral mterierte- 
bral space with an increased lumbosacral angle 


left leg The condition came on suddenly four months before admission, while 
he was working 

Examination — The patient was well developed and well nourished He walked 
guardedl}, with his body tilted to the left His spine was held rigid Motion w'as 
restricted in all directions There was tenderness over the lumbosacral junction 
and over the left sacro-iliac area A straight leg-raising test gave negative 
results The double thigh flexion test gave positive results Hj perextension of 
the spine gave rise to pain ov^er the lumbosacral region 

Anteroposterior, lateral and oblique roentgenograms revealed a narrowed lum- 
bosacral intervertebral space, with an increase of the lumbosacral angle (fig 6) 
Ticatment — Under general anesthesia the lumbar portion of the spine was 
graduallj hyperextended, reestablishing the normal lumbar lordosis A plaster of 
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considerable distance into the substantia spongiosa Schmorl ^ in an 
examination of three thousand spines, found herniation trom the disks 
in 38 per cent of them 

The great majorit} of the herniations from the disks are not Msual- 
ized b} roentgen ra}S The} are seen onh ^\hen a sclerosing la}er of 
bone surrounds the disk or when there is a break in the cortical plate 
of the 1 ertebral bod} Their importance lies in the fact that u ith the 



Fig 3 — Low power photomicrograph ot an inten ertebral disk (t d ) and adja- 
cent %ertebral bodies (t’b) showing \ascular infiltration and ossification of the 
disk Xote the break through the upper and lower cartilage plates (r/> ) 


formation ot a herniation from the disk an aienue is produced for the 
extension of blood lessels from the substantia spongiosa into the sub- 
stance of the disk proper \\ ith ^ascular infiltration the highK expan- 
sile gelatinous matrix ot the nucleus pulposus is replaced b\ fibrous 
tissue Gradual fibrillar degeneration with loss of fluid of the nucleus 
pulposus sets in resulting m the disk s shrinking and becoming firm 
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down the back of the left limb The condition came on insidiously eight months 
before admission 

£raiinnat!oii— The patient walked with a slight limp and with the spine tilted 
to the left There was a slight left lumbar (sciatic) scoliosis Motion of the 
spine was considerably restricted m all directions There was tenderness o\er the 
right sacro-iliac region and the right gluteal region 

Roentgenograms revealed pronounced narrowing of the intervertebral disk 
between the fourth and the fifth lumbar body The normal lumbar lordosis was 
obliterated (fig 8) 



Fig 8 (case 3) — Pronounced narrowing of the fourth lumbar intervertebral 
space, with reversal of the normal lordosis to a slight kyphosis 

Ticaimcnt — Traction was applied on a convex frame for several weeks Later 
the spine was hyperextended, and a plaster of pans corset was applied, holding 
the lumbar spine in slight lordosis 

Case 4 — M M , a white man aged 50, came to the clinic complaining of pain 
over the lower part of the back and of shooting pains and numbness down the 
back of the left leg The condition came on after a game of hand ball several 
months before admission 

Examination — The patient was obese and well developed His spine was held 
rigid, with the body tilted to the right He was unable to bear anv weight on 
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When a partlj macerated spine of a }oung adult with the mter- 
^ertebral disks intact is carefully studied, one observes that the articular 
surfaces of the posterior articular facets are m close contact with and 
parallel to each other when the column of lumbar bodies is in slight 
lordosis When one attempts to flex forcibl) the lumbar portion of the 
spine, a slight compression of the disk occurs anteriorly and with it 
a slight separation and orerriding of the articular facets take place 
In like manner, -when one of the lumbar disks is removed, the adjacent 
bodies tilt forward and separate posteriorh At the lumbosacral area 
because of the angulation, size and position of the disk n ith its base or 
greatest thickness, in front and the narrowest m the back, the effect 
IS more pronounced Here, a narrowed disk produces a marked sepa- 
ration of the articular facets uith resulting increase of the lumbosacral 
angle and flattening of the back Thus, as the normal alinement of 
the lumbar vertebrae is changed, the normal physiologic relationship of 
the muscles and ligaments of the lower part of the back is disturbed 
Muscle spasm and pain result With a marked separation of the 
articular facets, such as occurs when the lumbosacral disk is involved, 
pathologic changes set m in the small joints, with stretching and dis- 
tention of the joint capsule, often resulting m pressure on the fifth 
lumbar nerve root as it passes through the intervertebral foramen 
Danforth and Wilson,'* m a stud} of the lumbosacral region m relation 
to sciatic pain, found that the foramen between the fifth lumbar verte- 
bra and the sacrum is always the smallest and the one between the fourth 
and the fifth lumbar vertebra the next larger In contrast to the size 
of the foramen, the fifth lumbar nerve root is the largest and the fourth 
lumbar nerve root is next largest Thus, when one considers that the 
fourth and fifth lumbar nerve roots are important parts of the lumbo- 
sacral plexus and that the largest nerve root passes through the smallest 
canal, the possibility of impingement of the ner've with resulting radi- 
ating pain down the limb becomes apparent 

ETIOLOGV 

Degenerative changes of the disks are due mainly to the ^^ear and 
tear of daih functional activit} The process is gradual and increases 
uith age When functional actnit} is moderate the disk undergoes 
onh slight changes, and the spine mar maintain its flexibilitr and mobil- 
itr throughout life When daih functional actuitr entails hear} phrsi- 
cal labor marked degeneratire changes of the disk derelop The disk 
becomes drr and firm loses its flexibilitr and becomes less adaptable 
and less resistant to the strain and stress of daih actir itr This process 

4 Dantorth M S and ihon P D The \natom\ of the Lumbo-Sacrat 
Pcaiion in Relation to Sciatic Pain T Bone &. Toint Surg 7 109 (Tan ) 1925 
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Roentgenograms revealed a narrowed intervertebral disk between the second 
and the third lumbar vertebra, with evidence of herniation from the disk into the 
third lumbar body (fig 9) The normal lumbar lordosis was obliterated 
Tieatment — A plaster of pans jacket was applied 

Case 6 — E J , a white man aged 26, complained of pain in the lower part of 
the back He gave a history of falling eight months before admission 

Evaininatwn — The loi\er part of the back was rigid Afotion of the spine was 
considerably restricted Spasm of the sacrospinalis muscles was present The 
double thigh flexion test gave positive results Hyperextension of the spine gave 
rise to pain in the lumbosacral junction 

Roentgenograms revealed a narrowed lumbosacral intervertebral space 
Tieatment — The spine was hvperextended, and a plaster of pans jacket was 
applied, holding the spine in slight lordosis 

Case 8 — S V , a white woman aged 59, came to the clinic with a complaint 
of pain over the lower part of the back and of shooting pain down the back of 
both limbs Pain was constant The duration was four weeks and the onset was 
insidious 

Evainmation — The body was tilted to the left Lumbar lordosis was con- 
siderably diminished despite the presence of a prominent abdomen There was 
tenderness over the lumbosacral junction Motion of the spine w'as not restricted 
Roentgenograms revealed osteoporosis of the spine and a marked compression 
and narrowing of the lumbosacral intervertebral disk, with sclerosis of the bony 
surfaces 

SUMMARY 

Pathologic changes of the intervertebral disks are commonly observed 
at autopsy The changes that take place vary from small herniations 
of the disk through vascular infiltiation of the disk substance, fibrous 
replacement of the elastic tissue, browm degeneration, and finally shrink- 
age, narrowing and calcification of the entire disk As a result, the 
disks lose their flexibility and resilience They become film, immobile 
and less resistant to the stress and shock of functional activity 

When a disk is narrowed anteiiorly, the normal lumbar lordosis is 
diminished, and the articular facets are slightly sepal ated When the 
lumbosacral disk is narrowed the lumbosacral angle is increased, and 
there results a considerable separation of the articular facets As a 
result of the malahnement of the facets arthritic changes take place, 
with consequent muscle spasm, pain and often impingement of the fifth 
lumbar nerve root resulting in sciatic pain down the leg 

Clinically the diagnosis of a narrowed intervertebral space is made 
from the roentgenograms, especially from the lateral and oblique views 
Seven cases m which there was roentgenographic evidence of a nar- 
rowed intervertebral space are reported, and the clinical course is 
revieived Pam in the loiver part of the back w'as a constant complaint 
In some cases there was associated sciatic pain down the leg The 
treatment consisted in reestablishing the normal lumbar lordosis under 
general anesthesia and supporting the spine b^ means of a plaster of 
pans jacket 



SASH IN— BACK PAIN 


939 


articular facets and osteophytes around the margins of the bodies are 
usually associated and often result from a disturbance in the normal 
function of the disks Subjective complaints and disabilities which 
these patients have are essentially an indication of a compromised and 
weakened spine 

In my senes of cases of narrowed disks the mam symptoms com- 
plained of were dull aching pains in the lower part of the back Many 
of the patients had pain radiating down the backs of the lower limbs 
along the course of the sciatic nerve The history of onset frequently 
given was of a slight injury, such as a slight fall, a sudden twist or 
the lifting of an object Few were unable to recall any injury 

On examination the patients walked guardedly The lower lumbar 
portion of the spine was held rigid and was often tilted to one side 
Motion of the spine was restricted Tenderness was present over the 
lumbosacral junction There was often tenderness over the gluteal 
region, the area supplied by the superior gluteal neive Straight raising 
of the leg was limited when associated sciatic pain was piesent Hyper- 
extension of the spine ga\e rise to pain when the lumbosacral disk was 
involved 

ROENTGENOLOGIC OBSERVATIONS 

Roentgenogiams of the spine, particularly lateral and oblique views, 
established the diagnosis of narrowing of the disk The intervertebial 
space was nai rowed, and the lumbar portion of the spine was flattened 
With the iiiAolvement of the lumbosacral disk, the lumbosacral angle 
was inci eased, and often a separation of the articular facets could be 
seen on the oblique views Degenerative changes of the disks when 
associated with herniation of the disk into the vertebral bodies could 
be noted on the roentgenogram as small aieas of lessened density sur- 
rounded by a sclerotic layer of bone Calcifications of the nucleus 
piilposus weic distinctly visualized 

TREATMENT 

The treatment consisted in an attempt to reestablish the normal 
luinbai loidosis and to support the spine b} means of a plaster of pans 
jacket Mv aim uas to realmc the spinal structure to the normal or as 
near to the noimal as possible and thus to relax the muscles and liga- 
ments of the back This might be accomplished b\ placing the patient 
on a convex frame or a padded plaster of pans bed for se\eral weeks 
followed b} an application of a plaster of pans jacket I ha\e obtained 
the best lesults Iw genth In pcrextendmg the spine, while the patient 
uas under general anesthesia until the normal lumliar lordosis was 
reached \ plaster of pans jacket was then applied from the upper 
part of the chest to the pehis, holding the spine m the corrected position 
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INJURIES TO THE RETINAS AND OPTIC NERVES 

As the eye constitutes an integral part of the central nervous system, 
injury to this oigan must be given consideration Retinal and preretinal 
hemorrhages, edema about the macula, commotio retinae and detachment 
of the letina should be mentioned Such conditions may follow direct 
injury to the eyeball or occur secondarily as a result of trauma to the 
head Hippocrates realized that amaurosis sometimes followed wounds 
inflicted on the eyebrows or calvarium Retinal hemorrhages of various 
sorts may give rise to corresponding scotomas Detachment of the 
letina is followed by vaiying foims of defects in the field The visual 
distui bailees secondary to commotio retinae oi hemorihage tend to clear 
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Fig 1 — Diagrammatic representation of the visual pathwajs, with characteristic 
types of defects in the peripheral visual fields (after Gill”) (1) lesion of the 
retina in the nasal portion of the right eye with scotoma m the temporal field of 
the right eye, (2) lesion of the right optic nerve with complete loss of vision in 
the right eve, (3) lesion involving the optic chiasm, producing bitemporal hemian- 
opia, (4) lesion imolving the right optic tract with left homonymous hemianopia, 
(5) lesion involving the right optic radiations producing the same type of defect as 
that observed in (4) , (6) lesion invmlvmg the anterior portion of the left calcarine 
fissure producing an inferior homonymous quadrantic anopsia, (7) lesion involving 
the posterior portion of the right calcarine fissure, producing a left superior 
homonymous quadrantanopia , (8) a combination lesion involving the anterior 
portion of both right and left calcarine fissures producing a bilateral inferior 
altitudinal hemianopia, (9) lesion of both posterior portions of the calcarine 
fissures, producing a bilateral inferior altitudinal hemianopia 
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pans jacket extending from the upper ribs to the pehis was then applied, holding 
the lumbar portion of the spine in lordosis 

Case 2 — N H , a hite man aged 46, was admitted to the hospital with a 
complaint of radiating pain down the backs of both legs and pain over the lower 
part of the back He ga\e a historj of haMiig many similar attacks since 1917, 
each of which lasted seyeral weeeks 

Examination — The patient w'as well de\eloped He w’alked guardedly, holding 
to objects for support His body was tilted to the left The spine was held 
rigid and flat The lumbar cur\e w'as obliterated Motion was restricted in all 
directions There was spasm of the lumbar muscles The straight leg-raismg 



Fig 7 (case 2) — Lateral yiew, shoyying the narroyved fourth lumbar mter- 
yertebral space (marked bj^ the arroyv), yyith obliteration of the normal lumbar 
lordosis 

test gaye positne results on both sides The double thigh flexion test gave nega- 
tiye results 

Anteroposterior, lateral and oblique roentgenograms reyealed a distinct flatten- 
ing of the intery ertebral disk betyyeen the fourth and the fifth lumbar vertebra 
and slight anterior luxation of the fifth lumbar yertebra (fig 7) 

Treatment — Under general anesthesia the lumbar portion of the spine yyas 
gradually hj perextended, reestablishing the normal lumbar lordosis A plaster of 
pans jacket extending from the upper ribs to the pehis yyas then applied, holding 
the lumbar portion of the spine in lordosis 

Case 3 — Y L, a yyhite yyoman aged 35, came to the clinic yyith a complaint 
of pain oyer the left buttock and the loyyer part of the spine, yyith radiating pain 
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Smith " stated that von Holder found the walls of the orbit fractured 
sevent3^-three times in a series of eighty-six cases of fracture of the 
base of the skull In the majorit}' of cases the orbital fracture affected 
both the optic foramen and the optic canal Under such circumstances 
one would expect that the optic nerve would be injured Unless special 
attention is paid to this region, an orbital fracture is easily overlooked 
at postmortem examination Such a fracture is frequently difficult to 
demonstrate in roentgen examination 



Fig 2 — Drawing of microscopic section, showing A, a subdural hemorrhage in 
the intenagmal space, B, a distended subarachnoid space devoid of hemorrhage, 
C, marked compression of the optic nerve fibers, and D, moderate upward displace- 
ment of the lamina cnbrosa (After Cohen ■‘) 

Callan ® reported four cases of orbital traumatism with immediate 
monocular blindness He collected from the literature reports of eighty 

7 Smith, A E Impairment of Vision Following Head Injury, Minnesota 
Med 14 809, (Sept ) 1931 

8 Callan, P A Four Cases of Orbital Traumatism Resulting m Immediate 
ilonocular Blindness Through Fracture into the Foramen Opticum, JAMA 
18 284 (l^Iarch 5) 1892 
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the left les Lett lumbar (sciatic) scoliosis was present The lumbar portion ot 
the spine was flat ^Motion was restricted in all directions A straight leg-raising 
test ga\e positue results on the lett side The double thigh flexion test ga^e 
negatue results perextension of ^he spine ga\e n^e to pain o\er the lumbo- 
sacral region 

Roentgenograms re^ealed that the fitth lumbosacral intervertebral space was 
narrowed and that the lumbar portion ot the spine was flat The lumbosacral 
angle was slightR increased 



Fig 9 (case 5) — A. narrowed intervertebral disk (irf) between the second 
and the third lumbar vertebra (/r ) Xote the semicircular area of lessened 
densitv indicative ot a disk herniation at the upper margin and posterior third of 
the third lumbar vertebra (3 /r ) 

Trcaliiunt — The spine was hv perextended and a plaster of pans jacket was 
applied holding the lumbar portion ot the spine in slight lordosis 

CvsE 5 — T Z, a white man aged 32, was admitted to the hospital with the 
chiei complaint ot pain over the lower part of the back of several vears duration 
Eromina^ion — The patient was well developed and walked with a limp to the 
right The dorsolumbar portion of the spine was held rigid Tenderness v as 
present over the second lumbar vertebra The straight leg-raising test gave posi- 
tive results 
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cases of fractuie into the optic foramen He explained the mechanism 
of the fracture as follows 

The frontal bone unites with the nasal, submavillary, lachrjmdl, and ethmoid 
bones by a continuous line of sutures, until the lesser wing of the sphenoid is 
reached, and at this point, the suture line bifurcates forming an obtuse angle, and 
quite near the apex of the angle is the foramen opticum The jar made by the 
blow would find its weak point along this line of sutures, and the first resistance 
would be at the bifurcation adjacent to the foramen opticum The movement or 
jar could not follow both lines with equal force at and beyond the bifurcation, con- 
sequently the unequal strain would result in fracture of the bone into the foramen 
opticum, causing compression of the optic nerve and sudden loss of vision in 
the eye 

Some writers have advocated decompression of the optic canal or 
exploration of the optic nerve m such cases of monocular blindness 
The results of these attempts have been almost uniformly disappointing 
Nothing can be expected if the nerve is ciushed or severed, possibly 
better results may be obtained if it is infiltrated by blood or moderately 
compressed, as the sheath can be opened and pressure on the nerve 
relieved 

Plum ° advised immediate operation when a fracture through the 
optic foramen results m monocular blindness 

Eagleton stated “Very slight pressure on the nerve itself as it 
passes through the bony optic foramen may cause loss of sight, which, 
if not early recognized and surgically relieved, will lapidly result m 
permanent blindness ” I have not explored the optic nerve under these 
conditions Perhaps such exploration should be lecommended While 
usually carrying little risk, such a procedure may occasionally be hazard- 
ous, as the following case indicates A man aged 29 sustained multiple 
fiactuies of the left orbit, easily demonstrated roentgenologically No 
fragments were displaced Immediate ophthalmoplegia and monocular 
blindness resulted Aside fiom these complications the patient appar- 
ently made an uneventful recovery Two months latei sudden fatal 
hemorrhage from the left nostiil ensued Autopsy levealed a healed 
fracture of the left orbital plate and frontal bone with recent erosion 
of the wall of the left cavernous sinus At no time was a murmur 
present The fatal hemorrhage might have occuired at operation 

INJURIES TO THE OPTIC CHIASM 

From the standpoint of then mechanical production injuries to the 
optic chiasm are highl) interesting The mechanism of their production 

9 Plum, F A Ophthalmological Symptoms Associated with Intracranial 
Injuries, V'est J Surg 39 754 (Oct) 1931 

10 Eagleton, W P Traumatic and Infective Lesions of the Head, the Chief 
Manifestations of Which A.re Visual Disturbances Their Diagnosis and Surgical 
Treatment, S Clin North America 68 1435 (Dec ) 1926 



ALTER-\TIOXS IX THE VISUAL FIELDS FOLLOWING 
CRANIOCEREBRAL INJURIES 

C\RL V HEELER RAND HD 

LOS ANGELES 

Dunng the past decade injunes to die brain haie been anahzed m 
greater detail than e\er before The recognition of localizing signs 
and s^•Tnptonls consequent to these iniunes from the standpoint both 
of prognosis and of treatment is of great importance For example 
in a group of cases of iniur\ to the head the cranial nerres mai be 
studied collects el} or one s attention ma} be profitabh limited to the 
stud} of a single nene and its intracranial ramificanons The follounng 
observations are confined to injuries of the optic nerves and their padi- 
uais as revealed b\ alterations m die -visual fields 

Loss of MSion a serious complication follovvnng head miunes tor- 
tunateh is not frequent Phelps’- found iniiir} to the opnc nerves six 
times m two hundred and forrv-fiAe cases of fractures of the base of 
the skull (2 4 per cent) This relative infrequenc} is surpnsing when 
one considers the extensive ramifications of the entire vnsual mechanism 
and bears m mind the great vanet} of mediods b} which craniocerebral 
miunes are produced Somberg - pointed out that a patient mav over- 
look moderate visual defects because of die ov erlapping of die binocular 
fields While the t}-pes of visual defects follownng iniiir}' to the visual 
pathw ays are mam they ma} be accurately oudmed In discussing them 
it IS necessary to consider traumatic lesions occurring along die vnsual 
pathw a} s from the retinas to the tips of the ocapital lobes (fig 1) 
Organic lesions tend to leave permanent visual defects Changes in 
the fields due to h} stena on the odier hand being funcnonal are usual!} 
less permanent The latter however probablv constitute the larger 
group In such cases for fear of fixing the neurosis it is unwise 
to place undue emphasis on the visual defect bv repeated exammanons 
In this presentation alterations in the fields resulting from organic 
rather dian from funcnonal conditions wall be given pnraarv consid- 
eration 

1 Phelp= Charles Traumatic In.unes or the Brain and Its Membranes Xev 
\ork D Appleton & Company 1597 p 25 

2 Somberg T S Traumatic Legions of the Optic Painwa\s With Retxirt 
oi a Case Am T Ophth 10 115 IFeb 1 1027 
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Fig 5 — Longitudinal splitting of the chiasm with cross-tearing of one optic 
nerve following a fracture of the base of the skull This type of lesion may be 
produced by traction on one optic nerve, causing total blindness m one eye and 
temporal hemianopia m the opposite visual field (After Liebrecht ®) 



Fig 6 — Anteroposterior separation of the commissure shown e\perimentally 
on the cadaver When the glabella is widely spread the optic nerves separate, 
producing anteroposterior splitting of the chiasm This is not tenable clinically 
(After Coppez 
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up, those consequent to detachment of the letina are peiinanent unless 
they aie suigically collected 

Rarely, a transient choking of the disks, for which no plausible 
explanation is at hand, mav follow a head injury Duiing its piesence 
one finds loweiing of the acuity of ausiou, geneial conti action of the 
Ausual fields and enlai gement of the bhndspots such as occui in cases 
of papilledema secondaiy to tumoi of the biam The fields impioA^e 
as the choking subsides Most fiequentl)>- choking of the disks accom- 
panies chronic subdural hematoma, abscess of the brain oi pneumo- 
cephalus If the lesion brings piessure to bear on the Ausual pathAA'a'vs, 
defects m the fields occui, and they become peimanent unless the cause 
IS remoA^ed 

Gill® stated that loss of A’lsion folloAAung hemoiihage into the oibit 
IS slowdy, lathei than suddenly, piogiessn^e Hemorihage under the 
sheath of an optic nene, fiequently associated Avith fiactuie of the oibit 
impaiis 01 destioys vision As this sheath is a piolongation of the 
dura, subdural oi subaiachnoid bemoiihages may find then A\'ay beneath 
it (fig 2, Cohen ^), causing piessuie on the Aisnal fibeis (fig 3, Lieb- 
lecht®) Again, ruptuie of the cential aiteiy oi A’ein (fig 4) oi acute 
angulation at their point of emeigence fiom the neive is said to cause 
blindness 

Commonly, injury to the optic neives follows a gunshot Avound of 
the head One frequently finds a peison blinded m one oi in both eyes 
as a lesult of having the optic nerves seA'^eied by a bullet Orbital fiac- 
tures, especially those involving the optic foramen, cause monoculai, 
rarely binoculai, blindness Miceli ® lepoited the instance of a patient 
Avith a fiactuie involving the light optic canal who subsequent!) died 
of pneumonia Postmoitem examination shoAved the ojitic neiA^e to be 
thickened in a clublike mannei, the gieatei SAA'^eihng being toiA'^aid the 
anteiior extremity Microscopically the intervaginal space Avas inci eased, 
the increase being more mai ked distally The nerve fibei s m the lamina 
ciibiosa Aveie tightly packed, small A^acuoles of A^aiying size being intei- 
posed between the tracts Ovoid lacunae, some of AAdnch penetiated 
the distal sheath, Aveie present on the arachnoid side 

3 Gill, W D Eye Symptoms in Head Injuries, M Rec &. Ann 25 676 
(Feb) 1931 

4 Cohen, ^Martin The Value of Eye Manifestations Complicating Fractured 
Skull Preliminary Report, Arch Ophth 46 258 (May) 1917 

5 Liebrecht Schadelbruch und Auge, Arch f Augenh (J F Bergman, 
Munich) 55 36, 1906, Schadelbruch und Sehnerv, Arch f Ophth 83 525, 1912 

6 Miceli, I Alterations in Optic Ner\e Following Injuries to Head, Gior 
di ocul 6 45, 1925 
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The hydrodynamic force of a displaced third ventricle must be given 
consideration I have seen two cases (cases 6 and 9) in which the 
chiasmal lesion followed a depressed fracture of the vault The force 
was applied above and must have been transmitted directly to the chias- 
mal region with something of a contre-coup effect At least, the chiasm 
must have been foiced against the underlying sella In addition, injury 
to the infundibulum may occur concurrently, with resultant symptoms 
of diabetes insipidus Sphnteis of bone projecting from the floor of 
the skull and causing direct injury to the chiasm are so rare that they 
need not be given serious consideration 



Fig 7 — Transverse tearing of both optic nerves at the chiasm produced in the 
cadaver by wide separation of the skull m the petrosphenoid region Such lesions 
do not occur clinically (After Coppez 

INJURIES TO THE OPTIC TRACTS 
After the World War, abundant human material was provided for 
studying the cortical visual centers and their associated tracts Par- 
ticularly was this true in cases of gunshot wounds of the occipital lobes, 
in which both the position of the missile and its tract were known 
Extensive observations were made bj^ Fleischer and Ensinger,^® Beau- 

16 Fleischer, B, and Ensinger, T Homonj mhemianopische Gesichtsfeld- 
storungen nach Schadel- spez Hinterhauptschussen, Khn Monatsbl f Augenh 
65 181, 1920 
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has not been satisfactorily explained As there is great variation in 
the relation of the chiasm to its surrounding structures, certain anatomic 
factors must be borne in mind Walker, in citing the work of Schaef- 
fer, stated 

the chiasm was found to fit in close relationship with the chiasmal sulcus 
m onlj" fi\e per cent of the cases, while in four per cent the chiasm was located 
entirely behind the diaphragm, resting on the posterior sella In twelve per cent 
the chiasm covered the central portion of the diaphragm, while m seventy-nine per 
cent the chiasm covered only the posterior half of the diaphragm, with the poste- 
rior part of the chiasm projecting variously over the dorsum sellae 

One must also bear in mind the wide variation existing m the size and 
shape of the sella turcica, with especial reference to variability in the 
prominence of the chnoid processes Naffziger mentioned an instance 
in which total blindness followed a fall from a hay wagon, resulting 
m dislocation of a long-standing pituitary tumor which had previously 
caused insignificant symptoms He also cited an instance in which after 
a fracture of the anterior fossa and squamous portion of the light tem- 
poral bone monocular blindness developed on the third day Death 
occurred two weeks later, resulting from pneumonia Naffziger stated 
“Autopsy revealed a displacement of the light anterior chnoid downward 
compressing the nerve to a flattened ribbon of about one third its normal 
thickness In front of the compressed portion the nerve and its envelope 
u ere v ery bulbous and edematous ” 

When injured, the chiasm is frequently split in an anteroposterior 
direction, as represented by Liebrecht ^ In his illustration, besides the 
sagittal tearing of the chiasm a transverse, almost complete, laceration 
of the left optic nervx is shown (fig 5) Such lesions can be produced 
experimentally (fig 6) 

Recently Coppez reported three cases of bitemporal hemianopia 
and panoramic scotoma He attempted to explain the mechanism of 
these chiasmatic syndromes He believed that the injury may occur 
in one of three ways 

1 As a result of a violent injury of the frontal region, which 
increases the transverse diameter of the skull In discussing such 
lesions Coppez referred to the proposition of Liebrecht “ Fehzet 
had already shown that this diameter could be increased as much as 

11 Walker, C B Lesions of the Chiasmal Region, Am J Ophth 13 198 
(March) 1930 

12 Naffziger, H C Certain Eje and Ear Affections in Association with 
Head Injuries, Ophth Rec 25 502, (Oct ) 1910 

13 Coppez, Henri Le mecanisme des lesions du chiasma dans les fractures du 
crane. Arch d’opht (Ivlasson &. Cie, Pans) 46 705 (Dec ) 1929 

14 Fehzet, G Recherches anatomiques et experimentales sur les fractures 

du crane. Pans, A Delahajer, 1873 
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8 mm without actual fracture occurring In order to cause fracture, 
greater Molence is necessary If sufficient force is used to fracture 
the ethmoid region m an anteroposterior direction the distance between 
the optic canals will be increased and consequent spreading of the 
chiasm \m 11 occur If the chiasm is completely split bitemporal hemi- 
anopia will result If some of the bundles of crossed fibers are spared, 
islands of vision will remain in the temporal fields Coppez repro- 
duced these lesions experimentalh on fiesh cadaiers He stated that 
if the disjunction uas increased until the nerve spread reached 26 mm , 
the anteroposterior rent of the chiasm was complete He added that 
the nenes being held tightlv b} the dural sheath alwais remain in the 
optic canal He admitted that it is difficult to believe that this could 
happen during life (fig 6) 

2 As a result of anterolateral fracture with destruction of the exter- 
nal w'alls of the orbit extending to the sphenoid and the optic canal 
According to Coppez, fracture of this t} pe is obsen ed in cases m w Inch 
the head is crushed hi the wheel of an automobile or carriage The 
contents of the orbit are badly injected and pushed forward This 
produces avulsion of the globe and stretching of the optic neive The 
lattei uiptures at the anterior oiifice of the optic canal if the attach- 
ment of the nerve to the canal remains fast If, on the other hand, the 
canal is fractured the ner\e is loosened and tears at the le\el of the 
chiasm This demonstrates that the chiasm is more fragile than the optic 
nene Traction on the nene results not in uipture of the nene trunk 
but lather m avulsion at the leiel of the chiasm Coppez^® lepioduced 
this tipe of lesion experimentalh bi pulling out an eieball with its 
attached nene after freeing the adhesions in the optic canal Under 
these ciicumstances the chiasm is toin tlans^erseh 

3 As a result of fiactuie of the petro-occipital junction directed 
tow aid the splienopetrosal junction Accoiding to Coppez such frac- 
tal es were studied, especialh b} Bollack '' fiom the standpoint of the 
chiasmatic sjndrome The fracture tends to run paiallel to the axis 
of the petious bone, often reaching the sella turcica from behind for- 
ward and from the lateral tow aid the mesial bordei It is peipendicu- 
lar to the optic nene on the same side One must assume that the 
optic nene is violenth stretched hi separation of the bone Tins sepa- 
ration occurs in the direction of the nerve It iiiai be assumed that 
the nerve is nolentl} pulled b\ the spread of the bone, the force then 
being transmitted to the chiasmal fibers which are torn transierseh 
(fig 7) Clinical examination tends to support this view m cases of 
fracture of the petro-occipital or the sphenopetrosal bones 


15 Bollack cited b\ Coppez 
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vieux/'^ Holmes and Listei,^® Holmes^ Scarlett and Ingham-® and 
many other authors Studies hy Fox and German and by Penfield, 
Evans and MacMillan following complete or partial lobectomies of 
the temporal or occipital lobe afforded excellent opportunities for peri- 
metric observations which had been anatomically and physiologically 
controlled 

Holmes summarized his conclusions as follows 

1 The upper half of each retina is represented in the dorsal, and the lower in 
the ventral part of each visual area 2 The centre for macular or central vision 
lies in the most posterior part of the visual areas, probably on the margins, and 
m the lateral surfaces of the occipital poles The macula has not a bilateral 
representation 3 The centre for vision subserved by the periphery of the retinae 
IS situated m the anterior portions of the visual areas, and the serial concentric 
zones of the retinae from the macula to the periphery are probably represented m 
this order from behind forwards in the visual areas 4 Those portions of the 
retinae adjoining their vertical axes are probablj'^ represented m dorsal and ventral 
margins of the visual areas, while that in the neighborhood of the horizontal axes 
IS projected onto the walls and the floor of the calcarine fissures 5 Severe 
lesions of the visual cortex produce complete blindness m the corresponding portions 
of the visual fields, or, if incomplete, an amblyopia, color vision being lost, and 
white objects appearing indistinct or only more potent stimuli, such as objects 
moved sharply, may excite sensations 6 The defects of vision m the fields of 
the two eyes are always congruous and supenmposable provided that no disease 
or injury of the peripheral visual apparatus exists 7 Lesions of the lateral sur- 
faces of the hemispheres, particularly of the posterior parietal regions may cause 

17 Beauvieux Les troubles visuels dans les blessures par coup de feu de la 
sphere visuelle corticale ou des radiations optiques, Arch d’opht 35 410, 458, 560 
and 617, 1916-1917 

18 Holmes, G , and Lister, W T Disturbances of Vision from Cerebral 
Lesions, with Special Reference to the Cortical Representation of the Macula, Brain 
39 34 (June) 1916 

19 Holmes, G Disturbances of Vision by Cerebral Lesions, Med Press Circ 
104 490 (Dec 26) 1917 

20 Scarlett, H W, and Ingham, S D Visual Defects Caused by Occipital 
Lobe Lesions, Arch Neurol &. Psychiat 8 225 (Sept) 1922 

21 Meyer, A The Connections of the Occipital Lobes and the Present Status 
of the Cerebral Visual Affections, Tr A Am Physicians 22 7, 1907 Allen, I M 
A Clinical Study of Tumors Involving the Occipital Lobe, Brain 53 194, 1930 
Horrax, G, and Putnam, T The Field Defects and Hallucinations Produced 
by Tumors of the Occipital Lobe, ibid 55 499, 1932 Traquair, H M Fields 
of Vision 111 Intracranial Lesions, Brit M J 2 229, 1933 Brouwer, B Projec- 
tion of the Retina on the Cortex in Man, A Research Nerv & Ment Dis Proc 
13 529, 1934 

22 Pox, J C , Jr , and German, W J Obser\ations Following Left (Domin- 
ant) Temporal Lobectomj, Arch Neurol & Psvchiat 33 791 (April) 1935 

23 Penfield, Wilder, Evans, J P, and MacMillan, J A Visual Pathwajs 
111 Man with Particular Reference to Macular Representation, A.rch Neurol &. 
PsNchiat 33 816 (April) 1935 
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the lobes, and (3) absence of the common geneial symptom of cerebral 
concussion ” The patient left the hospital befoie peiimetnc studies 
could be made 

TEMPORARY BLINDNESS FOLLOWING CONCLSSION 

Instances of tempoiaiy blindness following injury to the back of 
the head may be cited Baldwin leported a case of a patient who 
sustained a gunshot wound of the light occipital legion, the bullet pass- 
ing to the left occipital lobe At operation the i ight occipital lobe shov ed 
nide disoiganization of brain tissue with hemonhage. a piece of bone 
being extracted from the left occipital lobe The bullet was not 
lemoved Immediately after the injury the patient was totally blind 
and the pupils w^eie dilated and fixed Three days later he began to 
see slightly, the pupils were small and responded to light Tw'o months 



Fig 8 — Depressed occipital fracture with a flattened bullet in the upper part 
of the occipital region Lower homonjmous heniianopia resulted (After Ingham 
and Lyster -*) 

later vision returned in the right uppei homonymous quadrant, and six 
months later there w'as homonymous hemianopia, with noimal acuity 
and no changes in the fundi Anderton -® reported the case of a 9 year 
old child wdio was kicked m the foiehead by a horse He lemamed 
completely conscious but became totally blind, not even having per- 
ception of bright light The pupils lemained equal and reacted quickly 
Tw'O hours later perception of light returned, four hours thereafter 

25 Baldwin, H C Brain Injuries 1 Gunshot Wound Iinohing Both 
Occipital Lobes Studj of Visual Fields 2 Fracture of Skull Injury to 
Frontal Lobe Boston M & S J 154 185, 1906 

26 \nderton, G Temporary Blindness After Concussion Bnt M J 2 1005 
(Nor 28) 1925 
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transient blindness occurred, the hemianopia was considered h)sterical 
Hirsch expressed the belief that “the \asual centers m both occipital 
lobes had been attected, the right hemianopia remaining for a while after 
the right occipital cortex had recovered “ I agree with Newmark in 
assuming that a commotio cerebri was present, for the restoration of 
vision was more rapid than would have been the case if a hemorrhage 
had occurred 

Word or mind blindness does not occur as frequently as one might 
expect Gibson-® reported a case of a thiough and through gunshot 
wound of the head with almost total destruction of the pnmaiy visual 
cortex to the mesial aspect of the left occipital lobe specially involving 
the calcarine fissure and cuneiis and causing some injury to the visual 
cortex of the right side Right homonymous hemianopia developed 
The fundi were noimal The patient apparentl) had visual agnosia 
He did not know the natme of most objects, although he aioided them 
Some were recognized imperfectly By the aid of his eyes he could 
pick up comparatively small objects from the floor, but he did not know 
what they were until he felt them He did not know his wife uhen 
he met her on the stieet, nor could he tell a man fiom a woman by 
sight He had attacks of complete blindness, sometimes lasting foi a 
day , these were thought to be epileptic Gibson concluded 

The images formed on each retina are no doubt perfect and the messages from 
the retina are earned to the visual cortex, but they are not received by the prac- 
tically destroyed left primary visual cortex and are imperfectly recognized by the 
injured right pnmarj visual cortex He is word-blind, letter-blind and partb 
object-blind The right visual cortex iii right handed people does not recognize 
word pictures and perhaps not letter pictures, but it apparentlj recognizes objects 
as such except when injured as in this man 

ALTERATIONS IN THE FIELDS DUE TO HYSTERIA 

It IS not my purpose to discuss m detail the various alterations in 
the fields due to hysteria following head injuries In my expeiience, 
they are moie conuuonly met with than alterations having a true organic 
backgiound Tins is not strange when one remembers the diversity of 
s} mptoms of hysteria which occur after industrial injuries Peter 
regarded the changes in the visual fields shown m hysteria as being due 
to inhibition or loss of will power on the part of the patient This 
lesults m the patient’s not lesponding normally to usual stimuli Whether 
this IS due to failure of the retinal sense organs m receiving impressions 
or to failure of the central end-organs to stimulate consciousness is 

29 Gibson, J L Bullet Wound Injur\ to Visual Cortex on Each Side, M J 
Australia 1 86 (Jan 24) 1925 

30 Peter, L C The Principles and Practice of Perimetrs, Philadelphia, Lea 
k Febiger, 1931, p 265 
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blurring of vision on the right side The right pupil reacted well to light and in 
accommodation The right fundus showed the margins of the disk to be clearly out- 
lined, the veins rather full and the arteries small, there were no hemorrhages or 
exudates and no elevation There was slight pallor of the disk Rough testing 
showed no contraction of the visual field, but one gamed the impression that the 
patient had a central scotoma There was complete anosmia Soon after the 
accident visual acuity in the right eve was 20/20, on July 24 it was 20/50 

On October 4 the patient still complained of pain in the right eye He stated 
that objects looked as though he were seeing around a dark spot He complained 
of occasional headaches, slight dizziness and no return of the sense of smell The 
right pupil reacted well to light and m accommodation The disk was somewhat 
paler than normal , anosmia persisted The visual fields (fig 9) showed a scotoma 
cf the right eje interfering with central vision Vision m the right eye was 20/100. 
The blood pressure was 120 systolic and 76 diastolic 



Fig 9 (case 1) — Paracentral scotoma on the right side, presumably due to> 
damage to the macula, uncorrccted vision in the right eye was 20/1004- The left 
eyeball was ruptured 

Roentgenograms of the skull showed a compound comminuted depressed frac- 
ture of the anterior wall of the frontal sinus, a linear fracture through the posterior 
W'all of the sinus and a fracture across the bridge of the nose 

I mt» esswi! — The followung conditions were considered to be present com- 
pound comminuted depressed fracture of the skull involving the frontal sinus 
and the bridge of the nose, rupture of the left e\ eball, complete persistent anosmia, 
paracentral scotoma in the right visual field and slight pallor of the right disk 

Cask 2 — Imsmdiatc moiwculai blindness foUoiving fiaituic of the left 
sfhcnoid u’lng and of tic foiaincn Subsequent iccovciy of an island of vision in 
the left loivci nasal quadtani, fiima)\ atiopli\ of the oflic ncive Right visual 
field unaffected 

A W B a man aged 30, single, an attornev, was referred bj Dr Leo M 
Davidoff, of New York, on Oct 6, 1933 The injurv occurred on June 18, 1933, 
when the patient was thrown from a horse He had no recollection of the accident 
ind was unconscious for about nine davs 
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1934, the visual field of the right eye showed no constriction, but there was marked 
loss of vision on the left side— there remained only an island of vision m the 
upper nasal portion of the field and there was loss of central vision (fig 11) 
Repeated subsequent examinations showed relatively little change m the visual 
fields Later there developed increasing pallor of both disks, this was especiallj 
marked on the left side At the time of writing the left disk is sharply outlined, 
almost chalk> white, and shows an appearance typical of advanced primary 
atroph}" of the optic nerve 

Roentgenograms of the skull showed no fracture 

Imptesswn — The following conditions were considered to be present concus- 
sion, peripheral facial palsy on the right side and in;ury to the left optic nerve 
near the chiasm 

Case 4 — Bhndtwss vi the left eve immediately aftci head lujuty Subsequent 
pnmaiy atiophy of the optic neive on the left side 



Fig 11 (case 3) — Remaining island of vision m the upper nasal quadrant of the 
left field, with lowered visual acuity, after a head mjurv The left optic nerve 
was presumably injured anterior to the chiasm With the left eye the patient saw 
a person as something shadowy at IS feet (4 5 meters) , m the right eve uncorrected 
vision was 20/40 

H J F , a man, aged 35, married, a serviceman, was referred by Dr B C 
Adams, of Riverside, Calif , on Nov 5, 1933 The patient was injured on Sept 29, 
1933, when his car went down a bank He recovered consciousness within a few 
minutes 

Rt Slime of Complaints and Findings — ^There were deafness m the right ear 
blindness in the left eve, numbness of the left side of the face, headache and diz- 
ziness partial anosmia m the right nostril , complete paralysis of the abducens 
nerve bilaterallv , partial paraljsis of the left trochlear and oculomotor nerves 
and of the right facial nerve, and motor and sensorj disturbances referable to the 
left trigeminal nerve 

Examination of the fundus of the right eve showed that the disk was sharolv 
outlined and rather pale, the veins were within normal limits and the arteries 
were small, there were no hemorrhages, exudates or elevation In the left eve the 
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Imptcssion — ^The followjng conditions were considered to be present con- 
cussion of the brain, fracture of the right frontal region of the skull, diabetes 
insipidus, of traumatic origin, a chiasmal lesion, of traumatic origin, primarj' 
atrophy of the optic nerve, and bitemporal hemianopia 

Case 10 — Right nasal hcmtanopw accompanying arlci lovcnous aneurysm of 
the light intcinal caiotid aifciv and cava nous smus, appealing appi ovnnctcly 
thicc months after mjuiy 

A, H L, a woman aged 46, married, a teacher, was referred by Dr J M 
Nielsen on March 2, 1934 She was injured on Oct 2, 1933, when she was struck 
by an automobile She remembered being struck and thrown through the air, 
but she did not remember striking the pavement She regained consciousness 
shortly afterward She sustained a laceration of the scalp 

Resume of Complaints and Findings — The patient complained of generalized 
increasing headache, she was never free from discomfort in the head, she had 
attacks of sharp pain behind the right eyeball and stated that there was a feeling 
as though the eye would pop out, there was no observable bulging of the eye 
The pain behind the eye was more severe when the patient was lying down, she 
slept propped up Three months after the accident she noticed difficulty in vision 
consisting of blurring in the right eye, this increased when she lay down There 
was no disturbance of vision in the left eve At times the patient bumped into 
things on her left side There was no ringing in the right ear except noises in 
the head 

Both fundi were within normal limits, the veins were full and pulsated on 
each side, the margins of the disks were clear The pupils were equal and reacted 
well to light and in accommodation The right eyeball was slightly more promi- 
nent than the left The right palpebral fissure was a little wider than the left, 
there was no pulsation of the eyeball When the patient lay down she experienced 
marked constriction of the nasal portion of the right field, almost amounting to 
nasal hemianopia, the left visual field was roughly normal With the patient in 
the recumbent position a tongue blade (numbered from 1 to 9 from left to right) 
was held before her right eye She saw the numbers on the right half but did 
not see those on the left half When sitting up she saw all the numbers with 
the right eye until one compressed both jugular veins When this was done she 
could no longer see the numbers to the left, but those to the right continued 
to be visible When the right jugular vein alone was compressed she slowly lost 
sight of the numbers on the left end of the stick If compression was firm enough 
to cut out the right carotid artery as well as the right jugular vein, there was 
no loss of vision Similar tests earned out on the left side showed no disturbance 
of vision Figure 18 shows the condition of the visual fields before and during 
compression of the jugular veins The blood pressure was 140 systolic and 90 
diastolic 

Roentgenograms of the skull showed no evidence of fracture Dr Blame 
reported “In the oblique position note is made of a definite difference in the 
size and shape of the optic foramen, the right one presents normal features on 
roentgen examination, while the left one is much larger than normal, there 
appears to be a bony density at the upper posterior quadrant of the right foramen 
the exact significance of which I do not know but which suggests an enostosis ’ 

Jan 9, 1935, Dr Nielsen stated that about six weeks subsequent to our exam- 
ination the patient suffered from hiccup She lay On her face in bed and held her 
breath This was followed bv intense pain behind the right eye and a noise in 
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Case 5 — Blmdness in the left eve folloimng a gunshot zvound of the head 
J M , a Mexican man aged 38, married, a laborer, entered the Los Angeles 
County Hospital on Jan 13, 1919 and was again seen in January 1935 The patient 
had sustained a gunshot wound in the left temple 

Resume of Comflaints and Findings— Thtrt were complete paralysis of the 
oculomotor nerve and complete blindness in the left eye The blood pressure w’as 
136 systolic and 88 diastolic The Wassermann reaction of the blood w’as negative 




Tig 13 (case 5) — J immediate blindness in the left e\e following a gunshot 
wound of the head The left optic ner\e was se\ered B roentgenogram showing 
the position of the bullet near the chiasm 

Roentgenograms made in 1935 showed a metallic foreign bod\ resembling a 
deformed bullet King m the median wall of the left orbit in the region of the 
sphenoid sinuses A trail of metallic fragments extended forward toward the 
base of the nasal bones The mam portion of the bullet la\ immediateU anterior 
to the sella turcica and somewhat toward the left (The reiiort on the roentgen 
examination was gnen In Dr R \\ Johnson ) 
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Resume of Complaints and Findings — The patient was uiuonscious for a 
short time immediately after the injury On September 11 he became comatose 
and convulsions beginning in the right hand developed 

Examination disclosed weakness of the right hand The pupils were unequal, 
the left pupil being larger than the right , both reacted to light The eyegrounds 
showed overfilling of retinal veins, and the margins of the optic disks were 
somewhat obscured The process was more marked in the left eye On the 
right side there was hemiparesis, more marked in the upper extremity The right 
knee jerk was more active than the left There was a Babmskt sign bilaterally 
The spinal fluid was bloody 

Roentgenograms showed a long linear fracture crossing the left side of the 
skull from the occiput to the temple 

A large extradural clot was removed at operation on Sept 12, 1930 
The mother first noticed difficulty in the child’s \ision in September 1931, 
when he again started school He seemed awkward and bumped into things 



Fig 19 (case 11) — Right homonymous defects in the fields persisting more 
than four years after evacuation of a large extradural hematoma on the left side 
Probable secondary subcortical lesion of the left temporal lobe Corrected vision 
was 20/20 — in the left and 20/15 in the right e>e 

Glasses were fitted, but no improvement occurred On Oct 1, 1934, Dr Clifford 
B Walker, ophthalmologist, discovered a right homonymous defect in the fields 
(fig 19) I did not observe the defect while the child was under my care This 
is not surprising, as the child was acutelj ill at first and was too young to 
complain of moderate visual disturbance 

Impiession — The following conditions were considered to be present linear 
fracture of the skull and interval hemorrhage on the left side It is probable that 
a second subcortical clot existed in the left temporal lobe 

Case 12 — Right lower homonvmous defects in the fields following a blozv on 
the head Negative findings at opeiaiwn 

J C, a Mexican man aged 23, married, a laborer, uas admitted to the Los 
Angeles County Hospital on A^ov 1, 1934, after being struck with the butt of a 
revoher over the right temple 
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there will be no further atrophic change The color, while a little pale, is within 
normal limits, the nerve is well vascularized, and there is no particular change 
in the caliber of the retinal vessels Visual function seems to be excellent within 
the limits of the fields which have been retained In my opinion this will be 
retained permanentlj ” 

Impicsston — The following conditions were considered to be present com- 
pound comminuted depressed fracture of the frontal region of the skull , concussion, 
contusion and laceration of the brain, fracture extending into both orbits, probablv 
complete severance of the left optic nerve with resulting blindness , injury to the 
right optic nerve with resulting temporal hemianopia It yvzs believed that the 
injury to the optic nerves may have been near the chiasm 

Case 7 — Tempoial heunaiwpta of left eye pcisistmg foi fouiteen monihs 
ajtc) uijiiiy 

J W , a man aged 34, married, a specialty distributor, entered the Los Angeles 
County Hospital on Oct 18, 1934 He was injured on Aug 31, 1933, when he 
was struck by a shovel above the left eye 



Fig IS (case 7) — Temporal hemianopia in the left eye subsequent to head 
injury, probably caused by direct injury to the left optic nerve near the optic 
foramen With the left eye the patient could not count fingers at 20 feet (6 
meters) , in the right eye corrected vision was 20/20 

Resiiiiu of Complaints and rvidings — The patient was unconscious for an 
unknown length of time After recorering consciousness he complained of head- 
ache, dizziness, inabilitj to see with the left e>e and pain m the right side of the 
face This pain had the usual characteristics of a trigeminal neuralgia and was 
conhned to the mfra-orbital distribution Several injections of alcohol failed 
to give relief in spite of the fact that characteristic numbness was obtained 

Except for the changes m the visual fields and the sjmptoms of involvement 
of the left trigeminal nerv e the results of the neurologic examination vv ere negativ e 
The left pupil did not react to direct light but reacted conseiisuallj , the right 
pupil reacted to direct light but did not react consensuallv The fundi were 
normal There were no retinal detachments The macular region, the nerve 
head and the vessels were normal Vision m the right eve was 20/20, with the 
left eve the patient was unable to count fingers at 20 feet (6 meters) On Oct 21, 
1933, the visual fields showed a temporal hemianopia on the left (fig 15), which 
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clinoid processes were hazj No fracture of the skull was seen Stereoscopic 
roentgenograms taken in the anteroposterior position failed to show a fracture of 
either orbit 

Impression — The following conditions were considered to be present con- 
cussion of the brain and immediate total blindness, probably due to severance of 
the optic nerves at the chiasm (This is the only case of total blindness in 
this series ) 

Case 9 — Bifempoial hemmiopiaj probablv due to splitting of the optic chiasm 
anteioposteriorly, folloming head injury Bilateral primary atrophy of the optic 
nci'vc of moderate degree 

A F , a man aged 34, married, a chef, was referred by Dr Joseph Jacobs on 
Dec IS, 1931 He was injured on Nov 17, 1931, m a collision of his automobile 
and a freight tram He is said to have been unconscious for several days He 
bled from the left ear and had severe headache, nausea and vomiting the hrst 
few days 



Fig 17 (case 9) — Bitemporal hemianopia subsequent to chiasmal lesion The 
chiasm was presumably split in an anteroposterior direction Corrected vision was 
20/200 in the left and 20/30 — in the right eje 

Resume of Complaints and Findings — The patient had delusions regarding 
relatives, lapses of memory, difficulty in seeing, especially with the left eye, and 
abnormal thirst 

There were bitemporal hemianopia, diabetes insipidus, the patient drinking 
about 9 quarts (8 5 liters) of water a day and excreting an equal amount of urine, 
and mental confusion regarding the accident The eyegrounds showed definite 
pallor of both disks, the picture suggesting an early stage of primary atrophj 
of the optic ner\e, more marked on the left than on the right The hemianopia 
was more complete on the left than on the right (fig 17) The pupils were wide 
and equal and reacted poorly to light and in accommodation The blood pressure 
was 140 systolic and 100 diastolic The fields subsequently improied with diatherm> 
administered under Dr Clifford B Walker’s direction 

Roentgenograms of the skull showed a long linear fracture in the right frontal 
region with a slight depression 
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the head The right e 3 'e became more prominent and remained so lor a number 
of weeks Subsequently the subjective murmurs m the head disappeared, the 
ejeball receded, and the aforementioned usual disturbances cleared up 

Impiesstou — Posttraumatic arteriovenous aneurysm of the left internal carotid 
artery and the cavernous sinus was considered to be present 



Fig 18 (case 10) — A, nasal contraction of the field of the right eie subsequent 
to traumatic arteriovenous aneurysm when no compression was applied to the 
jugular \eins, B, marked increase of the visual defects following compression of 
the jugular \cins Vision w'as 20/20+ m both cncs 

C\SE 11 — Right liomon\mous dijccts follozviitg cxtiadiaal hcniot rliagc on the 
left side, subsequent vnpiovcmcnt 

T C , a schoolboN aged 6, was referred b 3 Dr Hugo M Kersten on Sept 12, 
1930 He was injured on Sept 9, 1930 when lie fell from a swing at school 
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Rtsume of Complamis and findings — On admission the patient was stuporous 
The right pupil was dilated and static, the left was mobile There was moderate 
spasticity on the left side, all the deep reflexes on the left being more marked 
than those on the right The spinal fluid was bloody and was under increased 
pressure The Wassermann reaction of the blood and that of the spinal fluid 
were negative The patient improved quite rapidly and was discharged on Dec 12, 
1934 He returned on Dec 16, 1934, complaining of inability to see with the 
left eye, of continuous headache in the frontal region, of dizziness and of general 
weakness 

Roentgenograms showed no fracture of the skull 

On Dec 20, 1934, it was again noted that the right pupil was larger than 
the left , both reacted well to light The deep reflexes on the right were increased 
as compared with those on the left (just the opposite of what was present on the 
first admission) There were a Babinski sign and a Chaddock sign on both sides 



Tig 20 (case 12) — Right lower homonymous defects m the fields subsequent to 
head injury No subdural hemorrhage was encountered at operation, the defect 
was believed to be due to subcortical hemorrhage in the left occipital lobe Subse- 
quent improvement occurred Corrected vision was 20/20 in the left and 20/70 
in the right eje 

On Jan 12, 1935, the patient had generalized convulsions, and at times he had 
difficuitj of speech The pulse rate dropped as low as 40 On Dec 8, 1934, the 
spun! fluid was clear and colorless , the pressure was 120 mm , the cell count 2 
and the Nonne test negative 

A perimetric studv made on Jan 15, 1935, showed a suspicious right homony- 
mous contraction of the visual fields A second studv, made on Jan 22 1935, 
showed an increase of the right homonvmous defect in the fields (fig 20) During 
the next two weeks vision improved On Jan 23. 1935, multiple trephine openings 
vverc made on each side of the skull, no hematoma was discovered 

Impression — Probablv there was a chronic subdural hematoma on the left side 

Casf 13 — Islands of stston icinauwig onl\ in the upper left quadrants after 
I ead mturv 
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trephine opening o\er each occipital lobe failed to repeal a hemorrhage Ven- 
tnculographj showed normal -sized -ventricles, which were not displaced 

Iviprcssio>i—ThQ supposition that bilateral chronic subdural hematoma was 
present was not borne out on exploration Bilateral subcortical hemorrhage in 
the temporal or occipital lobe mar hare caused tlie picture The probabihtr tliat 
a chiasmal lesion existed seemed remote. 

CrSE 14 — Left hovtoiiimous hcmtanopia more than stx vioi tls after heaa 
iu]ur\ Paralysis of the left abduceiis nertc Adtaiiccd sccoidary atrophy oj 
the optic nerve 

M B, a rridorr aged 36, a housewife rr-as reierred br* Dr Frank D Sweet 
of Long Beach, Calif, on Oct 31, 1934 She was injured on Oct 15, 1934 m 
an automobile collision She remained comatose or semicomatose for a number oi 
weeks, hospitalization being necessarr for more than two montlis 

Resume of Complaints and Findings — ^The patient was disoriented as to time 
and place for ser eral dar s hen the mental sr-mptoms cleared she complained 
of headache and double r ision Later she complained of half r ision in the left er e 



Fig 22 (case 14) — Lett homonr niou'- hemianopa present mx montlis aitcr Head 
injurr There was bilateral atrophr of the optic nerve, probablr secondarr The 
lesion rvas beliered to hare affected the right optic tract just behind the chiasm 
With the left er e the patient sarr the card as something light at 20 feet (6 meters ) 
in the nght ere uncorrected r ision was 20/30 

At the time of the first examination complete palsr of tlie left oculomotor ne-re 
existed The left pupil rr-as much larger than the nght one and reacted Intle 
to direct light but rrell consensuallr There rr-as complete ptosis of the upper 
hd The left ere could not be turned outrrard berond the midhne as there rra^ 
complete paralrsis of the abducens nerve. Vision m the lett ere rras lorr The 
details of the left fundus rrere indistinct, but the disk seemed a little pale The 
nght fundus showed a clearlr outlined disk rrith artenes and reins rrithin normal 
limits The blood pressure rras 110 srstohe and 40 diastolic 

Roentgenograms of the skull failed lO reveal a iracture of the vault \ 
suspicious line running anteropostenorh betveen tlie maxillarr antnirr> r.as 
noted This mar hare represented a fracture 

The patieit rvas rce.xammed on \pnl 10, 1033 \t that time tlie pahr ot the 
oculomotor nerve had practicalh cleared up The pupils however we-e 'till 
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Roentgenograms oi the skull showed a fine linear fracture in the left temporal 
region 

Impicssioit — The following conditions were considered to be present linear 
fracture in the left temporal region , subsequent functional disturbance of the visual 
fields, probably suggested by pending litigation 

Case 16—Tubula} vision m the left eve joUomng jraciine of the skull Othei 
neurotic uianifcstations 

0 W , a man aged 26, married, an oiler, was referred by Dr R 0 Schofield, 
of Boulder City, Nev , on April 26, 1933 The patient was injured on May 7, 1932, 
when he was thrown out of a truck and rendered unconscious He recovered 
consciousness seven days later There was bleeding from the left ear He 
remained in the hospital six weeks, returning to work in a tool room in August 
1932 By April 1933 he was working on a power saw 



Fig 24 (case 16) — Tubular vision m the left eye (the central dot represents a 
large fixing object and not a scotoma) eleven months after a fracture of the skull 
With the left eye the patient saw' the card as something blurred at 20 feet (6 
meters) , in the right eye uncorrected \ ision w'as 20/30+ This patient had many 
other neurotic manifestations 

Resume of Complaints and E Hidings — There were pain in the back of the neck, 
stiffness of the neck, headache, dizziness, deafness and ringing in the left ear and 
blurred Msion in the left eye 

There was complete bilateral anosmia The right fundus was normal, the 
left could not be examined as the patient closed the eye The pupils were unequal, 
the left pupil being larger than the right, both reacted to light, but the right 
reacted more quickh than the left Consensual action was good m both eyes 
The ticking of a watch was not heard when the watch w'as pressed against the 
left car, it was heard at 2 inches (5 cm ) from the right tar A tuning fori was 
not heard b% air conduction or bone conduction on the left, air conduction was 
better than bone conduction on the right Weber's test showed the sound referred 
to the right The blood pressure was 130 s\stohc and 80 diastolic Determination 
of the Msual fields on April 26, 1933, showed marked Insterical contraction on 
the left (fig 24) 
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Iinpussioii — Fracture of the skull and concussion of the brain were considered 
to be present Changes in the field due to hysteria appeared eight months after 
injury 

Case IS — Tnbulai vitiou appcmiiio Jit wciLs aftci head vijuiy 

O E T , a man aged 39, married, a motorcvcle officer, was referred by the 
State Compensation Insurance Fund on Oct 9, 1934 Tlie patient was injured on 
Aug 2, 1934, when he was thrown ftom his motorc^cle Fie did not recover full 
consciousness for fifteen davs 

Resume of CompIamN and Eiadtiui '! — On Oct 9, 1934, the patient complained 
of marked dizziness and headache 

Examination revealed complete anosmia The fundi showed overfilling of the 
\eins and new tissue m the optic cups The pupils were equal and reacted well 
to light and m accommodation, extra-ocular movements were normal Ticking 
of a watch was heard 2 inches (5 cm) fiom the right ear, it was not heard when 



Fig 26 (case 18) — Tubular vision present three months after a severe head 
injury The patient was slightly neurotic Uncorrected vision was 20/30 in the 
left and 20/204 — F the right eye 

the watch was pressed against the left eai There was no history of bleeding 
from the ears Tests with tuning forks showed that air conduction was better 
than bone conduction on both sides The Weber test showed that the sound was not 
referred The Rombeig sign was strongly positive All the deep reflexes were 
active and equal, and there were no abnormal reflexes There was no constriction 
of the visual fields on rough tests The blood pressure was 120 systolic and 
80 diastolic 

On November 20 the general condition was improved, but the patient com- 
plained of watering of the eyes Rough testing of the visual fields showed 
concentric contraction, which was brought out by perimetric studies (fig 26) 
The fields improved when the patient returned to light work, four months later 

Roentgenograms of the skull revealed no fracture 

Impicssw }! — ^The following conditions were considered to be present con- 
cussion and contusion of the brain , anosmia , superimposed neurosis with hysterical 
contraction of the visual fields 
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Resume of Complaints and Findings — There were changes in disposition, for- 
getfulness, inipainnent of hearing, headaches, dirzmess and double vision 

The fundi were normal sa\e for slight pallor of the disks The pupils were 
equal and reacted well to light and in accommodation There was diplopia on 
looking to the right, to the left and upward There was bilateral deafness, greater 
on the right than on the left side Tests w'lth tuning forks showed that bone 



Fig 28 (case 20) — ^Visual fields taken by different observers A, fields in 
1931, B, fields m 1935 In spite of the upper hemianopic defects the picture 
presented by the fields is believed to be due to hysteria The development of 
many other neurotic symptoms supports this view The representation of the 
right field in A was transferred from the universal perimeter At the second 
examination (B) uncorrected vision was 20/40 in the left and 20/30 in the right eye 

conduction was better than air conduction on the right but that air conduction was 
better than bone conduction on the left side The Weber test showed the sound 
referred to the right The mental reactions were slow The biceps and triceps 
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(fig 32) , at other times the patient stated that he did not feel pm prick over any 
extremity or, in fact, over the body, on still other occasions the sensory picture 
appeared normal No discrepancies of note were ever found in the reflexes The 
mentahti’^ remained childish throughout the period of observation 

Impiession — The following conditions were considered to be present com- 
pound, comminuted fracture of the left orbital region of the skull, severe 



Fig 33 (case 2A)—A, Tubular vision in the left eje (The representation of 
the visual field was transferred from the unnersal perimeter) Corrected 
vision was 20/200— in the left and 20/70— in the right eje B, moderate hysterical 
sensor} disturbance present thirteen months after a head injur} Marked improve- 
ment occurred nine }ears later 

concussion and contusion of the brain, primary atrophy of the left optic nerve of 
moderate degree, changes in the choroid, mental deterioration, manifestations of 
h}Stena superimposed on the organic picture 
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deep reflexes were normal except the right knee jerk, w'hich seemed quicker than 
the left No abnormal reflexes of the Babmski type were noted The blood 
pressure was 220 systolic and 120 diastolic 

Roentgenograms of the skull show'ed a suspicious small linear fracture in the 
right sphenoid region, crossing the sella 




Fig 29 (case 21 ) — 4 fields showing central and paracentral scotomas on the 
right three months after a head injury (The representation of the right field was 
transferred from McHardy perimeter ) B, fields showing peculiar contraction on the 
right five and a half months after injury Hysterical hemianesthesia appeared at 
about this time At the first examination vision m both eyes was reduced to 
counting fingers only , at the second examination uncorrected vision was 20/30 m 
the left and 20/200 m the right eye 


Impression — The following conditions were considered to be present con- 
cussion and contusion of the brain , probable fracture of the skull The sudden 
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(fig 31) The pattent also complained ot blurring ot -vision m the left eve Peri- 
metric determination of the fields made on Xov 26 1934, showed a beginning 
contraction of the left field (fig 31) The patient subsequentlv returned to lighter 
work and the manifestations ot Instena cleared up 

Iviprcsstoit — Concussion of the brain was thought to be present The mani- 
festations of hvstena developed nine months after the injurv when the patient 
was phvsicallv unable to do heaw work 




Fig 31 (case 22 ) — A moderate contraction of the lett vasual field probabh 
functional Uncorrected vusion was 20/30 -r -r m tlie leit and 20/50 -f- -i- in the 
nght ev e B senson changes due to moderate hv stena coincidental w idi alteration 
in the ipsilateral field Both appeared when the pat'ent began to do heawv labor 
and cleared up when his occupation was changed 

CvsE 23 — Markid Lontrait on of flu rujhf z snal field f firobably J,\sfencal) 
apficaring appro riniatch thru da\s afhr a minor luad injnr\ 

J C, a man aged 46 married, a laborer, was reierred bv the Union Oil Com- 
panv on Xov 10 1931 The injurv occurred on Oct 12 1931 when the patient 
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tungsten The balance of the ingredients are non, carbon and 
impurities ” ^ In Zierold’s woik the terms “stellite” and ‘rustless steel” 
were used interchangeably Inspection of the formula renders the term 
“rustless steel” for an allo} of this composition extremely questionable 
At the present time significant uork is being done on this subject 
by Menegaux, Moyse and Odiette They have found that there is no 
inhibition of growth in cultures of osteoblasts and fibroblasts wdien 
small disks of chrome-nickel steel alloys aie added to them ’ ^t ine 
same time they found that gold, aluminum and lead have similar biologic 
action but cannot be recommended for osteosv nthesis for physical 
reasons The metals which they found to be nontoxic vvdien tested iiy 
this method have the following European trade names Duralumin, 
YoA extra, Xicral D and Platino-stainless D Ihe formula for 
Duialumm is copper, 4 per cent , magnesium, 0 5 per cent, manganese 
0 2 per cent and silicon from 0 3 to 0 5 per cent, the remainder consist- 
ing of aluminum V„A extra is made up as follows chromium, 18 per 
cent, and nickel, 8 per cent, plus a small unspecified percentage of 
manganese and titanium The foimula for Nicral D is chromium, 20 
per cent, and nickel, 16 per cent The formula for Platmo-stainless D 
is chromium, 18 per cent, and nickel 8 per cent, plus a small unspecified 
amount of tungsten To quote diiectlj, they “inhibit neither growth 
nor migration of osteoblasts or fibroblasts in vutro ” 

A Urge number of appliances for the internal fixation of bone made 
of rustless steel hav'e been designed The most outstanding example, 
of course, is the Smith-Petei sen nail, but there are many others, includ- 
ing Stemmann pins and bone screw s of special design ® 

The term rustless steel requires definition We did not know and 
we believ'e that the members of the medical profession generally do not 
recognize that the adjective “rustless” or “stainless” is applied to many 
alloys of dissimilar composition Thej have this m common 1 hey are 
all allojs containing from 7 per cent to much higher percentages of 
chromium and are low in carbon content Nickel may be absent or may 
be present in a large quantity In the presence of the higher percentages 
of nickel the amount of chromium is decreased 

4 Havnes “Stellite” Compam Personal eommunication to the authors 

5 Menegaux, G , Movse, P, and Odiette, D Croissance des tissus con- 
jonctifs et osseux cultnes "in vitro” en presence de certains metaux, Presse med 
42 658 (April 21) 1934 

6 Sniith-Petersen, M N , Cave, E F, and Vangorder, G W Intracapsular 
Fractures of the Neck of the Femur, Arch Surg 23 716 (Nov ) 1931 Jones, 
Laurence Intracapsular Fractures of the Neck of the Femur, Ann Surg 97 237 
(Feb) 1933 Henrv Mjron O Intracapsular Fractures of Hip New Device 
for Lateral Osteosv nthesis, J Bone &. Joint Surg 16 168 (Jan) 1934 
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traumatic, and it was belie\ed that the changes in the left optic ner\e would be 
slow Ij progressn e This pro\ ed to be the case 

There were marked alterations m the form fields On August 27, 1924, there 
was a t\pical Instencal contraction of tlie left field (fig 33), on No% 13, 1925, 
this field had widened, and on June 17, 1926, it had again contracted 
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SUMMARY AND CONCLUSIONS 

A brief lesume of the literatuie concerning tiaumatic lesions of the 
visual pathways is presented T\\ent3'-foui cases in which various types 
of alterations in the fields followed cianioceiebial inj lines are reported 
An anteioposteiioi splitting of the chiasm appaiently may lesult 
from a blow diiected to the top of the head Under such circum- 
stances a conti e-coup effect on the chiasm is bi ought about, even though 
the exact mechanism of its production is not cleai 
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plates of the Sherman U pe ^ The} \\ ere to be made of a ^ anadmm steel 
allo\ knoN\n as Societ} of Automotue Engineers steel 6150, liaxing the 
folloii mg composition 


Substance 

Percentage 

Carbon 

0 45-0 550 

Manganese 

0 50-0 800 

Chromium 

080-1 100 

Phosphorus 

not o\ er 0 040 

Sulfur 

0 045 

'S'anadium 

1 not under 0 150 

[ desired 0 ISO 


This alloi was recommended to Dr Sherman b} the engineers of the 
Carnegie Steel Compam in Pittsburgh because it has great surface 
hardness No phisiologic tests were made- It was thought that this 
w ould end tw o outstanding faults, the breakage of plates and the loosen- 
ing of screws Such has not been the case, and the reasons will be 
shown later 

Before 1924 rustless steel was not general!} emplo}ed m bone sur- 
ger}, but the work of Zierold ga\e an immediate stimulus to its e\ten- 
su e use ® A stud} w as made of the reaction of bone to gold sih er 
aluminum, zinc, lead, copper, nickel, high carbon steel and low carbon 
steel, stellite, copper-aluminum allo} magnesium and iron A finding 
of Zierold’s and one w hich has not been gn en the recognition it deserv es 
w'as that low carbon steels and high carbon steels produced extensne 
bone necrosis and were m fact, the most irritant of an} of the sub- 
stances tested This point is deserting of emphasis as one still sees 
competent surgeons inserting carpenter s screw s and nails m bone Zier- 
old’s final conclusions were that aluminum, gold and stellite ‘tend to 
become encapsulated with but little hindrance to the reparatne process 
The} are inert materials unaffected by the h\ing cells and bod\ cells ’ 
In reference to the reaction of bone to stellite he concluded that it 
showed “the least departure from the normal The t}pe of reaction is 
similar and the degree is not outside the limits obsen ed m the controls 
In fact, It appears the metal mereh occupies space affecting in no wa} 
the regeneration of bone and periosteum ’’ 

Recently the formula for this stellite was obtained This is, approxi- 
mate!} “58 per cent cobalt 35 per cent chromium and 4 per cent 

1 Steel Bone Plates and Screws, United States Dept Commerce Bureau of 
Standards Commercial Standard CS37-31 

2 \\ ilson, Phillip D Personal communication to the authors 

3 Zierold, A A Reaction of Bone to Various Metals, Arch Surg 9 365 
(Sept) 1924 



